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ABSTRACT 


The  Phase  D,  Part  2  airworthiness  and  qualification  performance 
tests  of  the  AH-1G  helicopter  were  conducted  in  California  at  Edwards 
Air  Force  Base  and  auxiliary  test  sites  during  the  period  13  June 
1968  through  29  July  1969.  Specific  performance  parameters  were 
evaluated  to  determine  model  specification  compliance  and  to  obtain 
detailed  performance  and  mission  suitability  information  for  inclu¬ 
sion  in  technical  manuals  and  other  publications.  The  AH-1G  ex¬ 
ceeded  all  contractor  performance  guarantees.  There  were  two  defi¬ 
ciencies  which  affect  the  mission  accomplishment  of  the  helicop¬ 
ter:  insufficient  directional  control  which  limits  hovering,  take¬ 
off  and  landing  performance;  and  excessive  tail  rotor  horsepower 
required  for  hovering  flight.  There  were  three  shortcomings  for 
which  corrective  action  is  desirable:  the  inability  to  achieve 
maximum  tail  rotor  blade  angle  (19  degrees)  when  full  left  direc¬ 
tional  control  is  applied  for  all  conditions  with  the  present  direc¬ 
tional  control/yaw  SCAS  geometry;  excessive  pilot  effort  required 
to  maintain  optimum  climb  and  maximum  endurance  airspeeds;  and 
the  possibility  of  inadvertently  exceeding  the  main  transmission 
torque  limit  following  a  left-lateral  control  input  when  below 
the  engine  critical  altitude. 
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INTRODUCTION 


BACKGROUND 

1.  In  October  1965,  the  Department  uf  the  Army  directed  the  US 
Army  Materiel  Command  (USAMC)  to  conduct  an  expedited  comparative 
evaluation  of  a  selected  group  of  three  helicopters  to  fulfill 
the  immediate  requirement  for  an  armed  Helicopter.  A  flight  test 
program  was  conducted  on  the  three  aircraft  by  the  US  Army  Avi¬ 
ation  Systems  Test  Activity  (USAASTA)  at  Edwards  Air  force  Base 
(AFB)  ,  California,  from  13  November  to  1  December  1965.  The  All- 
1G  Hucycobra  was  the  aircraft  selected  from  the  evaluation  to  meet 
this  requirement . 

2.  On  17  August  1966,  USAASTA  was  directed  by  t),  IIS  Army  Test 
and  Evaluation  Command  (USATECOM)  to  perform  Phase  B  and  Phase 

D  testing  of  the  A1I-1G  helicopter  (ref  1,  app  1).  A  plan  of  test 
for  the  Phase  B  engineering  test  was  submitted  by  USAASTA  in  April 
1967  and  approved  by  the  US  Army  Aviation  Systems  Command  (USA¬ 
AVSCOM)  .  Phase  B  tests  were  conducted  at  different  test  sites 
and  geographical  locations  from  3  April  1967  to  3  May  1968  on  sev¬ 
eral  test  aircraft.  The  results  of  these  tests  are  contained  in 
references  2  through  8.  The  plan  of  test  for  the  Phase  D  program 
(ref  9)  was  initially  submitted  in  August  1967  and  was  approved 
by  USAAVSCOM  on  24  October  1968.  The  Phase  D  plan  of  test  was 
amended  on  5  November  1968  to  include  an  additional  test  requested 
by  USAAVSCOM  (ref  10) .  Two  aircraft  were  used  for  the  Phase  I) 
test  program  to  reduce  the  calendar  testing  time.  One  of  the 
test  aircraft  was  a  prototype  (aircraft  serial  number  6615247) 
and  the  other  was  a  production  model  (aircraft  serial  number  6715695). 
The  results  of  the  Phase  D  performance  tests  are  presented  in  this 
report  (Part  2).  The  Phase  D  handling  qualities  and  vibration 
characteristics  are  presented  in  other  reports  (Part  1  and  Part 
3) .  No  wing  store  jettison  or  armament  subsystem  firing  tests 
were  conducted  during  the  Phase  D  program  since  adequate  testing 
had  been  accomplished  in  these  areas  during  the  A1I-1G  Phase  B  pro¬ 
gram  . 

TEST  OBJECTIVES 


3.  The  objectives  of  the  A11-1G  Phase  D  test  program  were: 

a.  To  provide  information  for  technical  manuals  and  other 
service  publications. 


b.  To  determine  compliance  with  applicable  military  specifications. 


c.  To  determine  compliance  with  contract  performance  guar¬ 
antees  . 

d.  To  evaluate  operational  suitability  for  the  armed  heli¬ 
copter  mission. 


DESCRIPTION 

4.  The  All  - 1 G  helicopter  manufactured  by  Bell  Helicopter  Company 
(BHC)  was  designed  specifically  to  meet  the  US  Army  requirements 
for  an  armed  helicopter.  Tandem  seating  is  provided  for  a  two- 
man  crew.  The  main  rotor  system  is  a  two-bladed,  semirigid,  "door 
hinge"  type  with  the  stabilizer  bar  removed.  A  conventional  anti¬ 
torque  rotor  is  located  near  the  top  of  the  vertical  stabilizer. 

The  AH-1G  is  equipped  with  a  three-axis  stability  and  control  augmen¬ 
tation  system  (SCAS)  to  improve  the  aircraft's  handling  qualities. 

The  helicopter  is  powered  by  a  Lycoming  T53-L-13  turboshaft  engine 
rated  at  1400  shaft  horsepower  (shp)  at  sea  level  (SL)  under  stand¬ 
ard  day,  uninstalled  conditions.  The  engine  is  derated  to  1100 
shp  due  to  the  maximum  torque  limit  of  the  helicopter's  main  trans¬ 
mission.  Distinctive  features  of  the  AH-1G  are:  the  narrow  fuse¬ 
lage  (36  inches)  ,  the  stub  midwing  with  four  external  store  sta¬ 
tions  and  the  integral  chin  turret.  The  flight  control  system  is 
of  the  mechanical,  hydraulically  boosted,  irreversible  type  with 
conventional  helicopter  controls  in  the  aft  cockpit  (pilot's  sta¬ 
tion).  The  controls  in  the  forward  cockpit  (copilot/gunner's  sta¬ 
tion)  consist  of  conventional  antitorque  pedals  and  sidearm  collec¬ 
tive  and  cyclic  controls.  An  electrically  operated  force  trim  system 
is  connected  to  the  cyclic  and  directional  controls  to  induce  arti¬ 
ficial  feel  and  to  provide  positive  control  centering.  The  ele¬ 
vator  is  synchronized  with  the  cyclic  stick.  The  armament  config¬ 
urations  are  changed  by  varying  the  wing  stores  and  chin  turret 
configurations.  The  pilot  can  fire  the  wing  stores  and  the  chin 
turret  only  in  the  stowed  position.  The  copilot./gunner  operates 
the  flexible  turret  and  can  also  fire  the  wing  stores  in  an  emer¬ 
gency.  The  wing  stores  can  be  jettisoned  by  either  the  pilot  or 
gunner  in  case  of  emergency.  The  design  gross  weight  (grwt)  for 
the  AH-1G  is  6600  pounds,  and  the  maximum  grwt  is  9500  pounds.  More 
detailed  aircraft  information  and  operating  limits  of  the  AH-1G 
are  presented  in  appendix  II. 


SCOPE  OF  TEST 

5.  During  the  AH-1G  Phase  D  test  program,  256  flights  were  conducted 
for  a  total  of  368.8  flight  hours  of  which  227.9  hours  were  productive 
test  hours.  Testing  was  conducted  in  California  from  12  June  1968 
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to  29  July  1969  at  Shufter  Airport  (420-foot  elevation),  hdwards  Alii 
(2500-foot  elevation)  and  at  high-altitude  test  sites  near  Bishop 
(4120-,  7010-  and  9500-foot  elevations).  Testing  was  conducted  to 
determine  the  aircraft  performance,  handling  qualities  and  vihiatiun 
characteri st ics .  This  report  contains  the  results  of  the  perform¬ 
ance  testing,  and  Part  1  and  Part  5  contain  handling  qualities  and 
vibration  test  results.  Performance  testing  required  145.4  hours 
and  175  flights.  All  performance  testing  was  conducted  on  aircraft 
S/N  6615247.  The  configurations  tested  during  the  performance  por¬ 
tion  of  the  program  are  listed  in  table  1. 


Table  1.  Aircraft  Armament  Configurations. 


Configuration 

Armament  Subsystems 

Clean 

TAT-102A  or  XM28  turret,  no 
external  wing  store 

Basic 

TAT-102A  or  XM28  turret,  one  XM157 
outboard  each  wing 

Inboard  alternate 

TAT-102A  or  XM28  turret,  one  XM159 
inboard  each  wing 

Outboard  alternate 

TAT-102A  or  XM28  turret,  one  XM159 
outboard  each  wing 

Light  scout 

TAT-102A  or  XM28  turret,  one  XM18 
inboard  each  wing,  one  XM157  out¬ 
board  each  wing 

Heavy  scout 

TAT-102A  or  XM28  turret,  one  XM18 
inboard  each  wing,  one  XM159  out¬ 
board  each  wing 

Light  hog 

TAT-102A  or  XM28  turret,  two  XM 157 
each  wing 

Heavy  hog 

TAT-102A  or  XM28  turret,  two  XM159 
each  wing 

Note:  The  test  aircraft  was  equipped  with  the  TAT-102A  chin  turret: 
one  7.62  minigun  (XM-134)  . 


6.  The  test  program  was  conducted  within  the  limitations  estab¬ 
lished  by  the  A11-1G  Safety-of-Flight  Releases  issued  by  USAAVSCOM, 
(refs  11  and  12,  app  I). 
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7.  The  empty  grwt  of  the  test  aircraft  m  a  clean  configuration 
with  test  instrumentation  installed  was  5790  pounds  with  a  center 
of  gravity  (eg)  at  fuselage  station  (FS)  205.97  for  aircraft  S/N 
6615247. 

8.  The  AH-1G  was  evaluated  as  an  armed  tactical  helicopter,  capa¬ 
ble  of  day  or  night  operation  from  prepared  or  unprepared  areas. 

The  performance  of  the  AII-1G  helicopter  was  evaluated  to  determine 
compliance  with  the  requirements  of  paragraph  3.1.2  of  the  detail 
specification  (ref  13,  app  I).  Handling  qualities  ratings  were  as¬ 
signed  in  accordance  with  the  Handling  Qualities  Rating  Scale  (1IQRS) 
presented  as  appendix  III.  Specific  test  conditions  for  each  test 
are  presented  in  the  Results  and  Discussion  section  of  this  report. 

METHODS  OF  TEST 

9.  Test  methods  and  data  reduction  procedures  used  in  these  tests 

are  proven  engineering  flight  test  techniques  and  are  described  briefly 
in  appendix  IV.  All  flights  were  conducted  and  supported  by  USA  - 
ASTA  personnel.  Tests  were  conducted  in  nonturbulent  atmospheric 
conditions  so  the  data  would  not  be  influenced  by  uncontrolled  dis¬ 
turbances  . 

10.  The  flight  test  data  were  recorded  from  test  instrumentation 
in  the  pilot's  panel,  copilot/gunner's  panel,  photopanel  and  24- 
channel  oscillograph.  A  detailed  listing  of  the  test  instrumenta¬ 
tion  is  included  in  appendix  V. 


CHRONOLOGY 

11.  The  chronology  of  the  AH-1G  Phase  D,  Part  2  test  program  is 
as  follows: 

Phase  B  flight  test  completed  on 

aircraft  S/N  6615247  3  May  1968 

Phase  D  flight  test  commenced  on 

aircraft  S/N  6615247  13  June  1968 

Flight  test  completed  on  aircraft 

S/N  6615247  29  July  1969 

Draft  report  submitted  January  1970 


RESULTS  AND  DISCUSSION 


GENERAL 


12.  This  report  presents  the  results  of  the  engineering  Phase  l> 
performance  flight  tests  of  the  All- 1(1  helicopter .  The  test  data 
obtained  during  these  tests  were  used  for  determining  compliance 
with  the  detail  specification  (ref  13,  app  I)  and  to  provide  infor¬ 
mation  for  use  in  technical  manuals  and  other  publications.  The 
All-Ill  met  or  exceeded  all  contractor  performance  guarantees  (see 
summary  in  app  VI).  There  were  two  deficiencies  which  affect  the 
mission  accomplishment  of  the  helicopter:  insufficient  directional 
control  which  limits  hovering,  takeoff  and  landing  performance  and 
excessive  tail  rotor  horsepower  required  for  hovering  flight.  There 
were  three  shortcomings  for  which  corrective  action  is  desirable: 
inability  to  achieve  maximum  tail  rotor  blade  angle  (19  degrees) 
when  full  left  directional  control  is  applied  for  all  conditions 
with  the  present  directional  control/yaw  SCAS  geometry;  excessive 
pilot  effort  is  required  to  maintain  optimum  climb  and  maximum  endur¬ 
ance  airspeeds;  and  the  possibility  of  inadvertently  exceeding  the 
main  transmission  torque  limit  following  a  left-lateral  control  input 
when  below  the  engine  critical  altitude. 

13.  An  addendum  to  Part  2  of  the  Phase  D  report  will  be  published 
to  present  the  test  results  of  the  turning  performance,  level-flight 
acceleration  and  deceleration  performance  and  altitude  loss  during 
recovery  from  a  dive . 

AIRCRAFT  CONTROL  SYSTEM  RIGGING 

14.  Prior  to  testing,  the  aircraft  flight  and  engine  controls  were 
rigged  in  compliance  with  appropriate  US  Army  publications.  Subse¬ 
quent  aircraft  flight  and  engine  control  rigging  changes  were  co¬ 
ordinated  with  contractor  technical  representatives. 

ANTITORQUE  SYSTEM  PERFORMANCE 

15.  Tests  were  conducted  to  determine  the  limitations  of  aircraft 
performance  resulting  from  the  antitorque  system.  An  instrumented 
90 -degree  tail  rotor  gear  box  was  installed  to  measure  tail  rotor 
torque.  Test  data  were  acquired  in  conjunction  with  other  tests. 

16.  Results  of  the  tail  rotor  performance  for  various  hovering  skid 
heights  is  presented  in  figures  1  through  12,  appendix  VII.  Hover¬ 
ing,  takeoff  and  landing  performance  of  the  ATI  - 1G  were  found  to  be 
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limited  by  the  directional  control  system.  Specific  limitations 
arc  as  follows: 

a.  Insufficient  directional  control  to  maintain  a  desired 
head ing . 

b.  Overtorquing  of  the  tail  rotor  drive  system. 

c.  Inability  to  attain  maximum  tail  rotor  blade  angle  (19 
degrees)  with  full  left  directional  control  when  the  SCAS  actuator 
is  extended  to  the  right  of  the  null  position. 

17.  A  directional  control  margin  of  10  percent  of  the  full  dis¬ 
placement  while  hovering  was  determined  to  be  the  minimum  accept¬ 
able  to  adequately  correct  heading  deviations  caused  by  small  wind 
gusts  (2  to  7  knots)  and  small  transient  torque  variations  due  to 
main  rotor  speed  changes.  This  margin  allows  an  18-degree-per- 
second  (deg/sec)  left  yaw  rate  to  be  generated  (with  the  directional 
SCAS  in  the  null  position)  when  the  remaining  10  percent  of  left 
directional  control  is  applied.  However,  the  directional  control 
displacement  limits  vary  as  a  function  of  directional  SCAS  posi¬ 
tion  discussed  in  paragraph  20.  Figure  A  presents  the  variation 
in  directional  control  margin  as  a  function  of  skid  height.  The 
maximum  main  rotor  thrust  coefficient  (Ct)  allowable  for  each  direc¬ 
tional  control  margin  varied  significantly  with  skid  height  between 
3  and  15  feet.  The  skid  height  at  which  minimum  main  rotor  Cj  is 
obtained  varied  from  5  to  8  feet  depending  on  the  magnitude  of  the 
directional  control  margin.  Above  a  skid  height  of  15  feet,  the 
maximum  Ct  for  a  given  directional  control  margin  increased  until 
OGIi  hover  was  attained.  The  influence  of  the  lower  maximum  Ct  at¬ 
tainable  at  specific  control  margins  when  hovering  between  5  and 
8  feet  is  discussed  in  Hovering  Performance  (paras  22  through  26) , 
Takeoff  Performance  (paras  27  through  30)  and  Landing  Performance 
(paras  54  ^nd  55) . 


6 


FICURF.  A 

1) I RiiCTl ONAl.  CONTROL  MARGINS  AS  A  FUNCTION  OF'  AIRCRAFT 
SKID  HI:  TGI  IT  IN  A  IIOVT.R 
AII-1G 
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Notes:  I.  Total  Directional  Control  Displacement  =  7.07  Inches 

2.  Full  heft  Directional  Control  =  19°  Tail  Rotor  Pitch 

3.  Wind  Less  Than  2  Knots 


18.  The  contractor's  efforts  to  increase  the  directional  con¬ 
trol  of  the  AH-1G  by  increasing  the  tail  rotor  blade  pitch  angle 
above  19  degrees  proved  to  be  unsatisfactory.  Although  the  tail 
rotor  thrust  was  increased,  the  increased  torque  required  caused 
overtorquing  of  the  tail  rotor  drive  system  components  (ref  3, 
app  I). 

19.  The  tail  rotor  blades  were  rigged  at  a  19-degrce  (±-4)  maximum 
pitch  angle  with  full  left  directional  control.  The  horsepower 
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required  at  the  output  shaft  of  the  90-degree  tail  rotor  gear  box 
for  various  directional  control  margins  at  different  hovering  skid 
heights  is  presented  in  figures  S  through  10,  appendix  VI 1 .  It 
was  found  that  for  any  git'en  tail  rotor  blade  angle  during  stabil¬ 
ized  conditions,  the  tail  rotor  horsepower  required  is  most  criti¬ 
cal  during  hovering  flight.  The  tail  rotor  horsepower  for  a  given 
blade  angle  varies  as  a  function  of  density  altitude  (lip],  decreas¬ 
ing  as  density  altitude  increased.  When  hovering  out  of  ground 
effect  (OCli)  with  a  10-percent  directional  control  margin,  145  slip 
was  required  at  SL  and  106  slip  at  a  10,000-foot  lip.  It  was  also 
determined  that  when  hovering  at  3-  to  15-foot  skid  heights  with 
less  than  the  10-pcrcent  control  margin,  the  tail  rotor  horsepower 
required  increases  nonlinearly  as  the  directional  control  approaches 
the  left  limit.  Although  a  current  tail  rotor  drive  system  torque 
limit  could  not  be  determined,  the  Structural  Design  Criteria  Report 
(ref  14,  app  I)  for  the  All-  1G  stated  that  the  anti-torque  drive 
system  design  limit  was  386  foot-pounds  of  torque  (122  slip  at  1654 
rpmj .  Analysis  of  the  data  reveals  that  numerous  stabilized  hover¬ 
ing  flight  conditions  require  higher  tail  rotor  horsepower  than 
this  design  point.  'Die  tail  rotor  horsepower  encountered  during 
translational  flight  or  unstabilized  hovering  conditions  are  greater 
for  many  conditions  than  those  for  stabilized  hover.  The  magni¬ 
tude  of  tail  rotor  horsepower  resulting  from  these  transient  maneu¬ 
vers  is  discussed  in  reference  15,  appendix  I.  During  the  conduct 
of  this  test  program,  eight  42-degree  gear  boxes  and  four  90-degrec 
gear  boxes  were  replaced.  Any  operation  above  180  tail  rotor  slip 
required  immediate  replacement  of  the  42-degree  gear  box  due  to 
unacceptable  gear  wear  patterns.  The  90-degree  gear  box  required 
replacement  when  operated  above  180  slip  for  limited  periods.  The 
excessive  tail  rotor  horsepower  required  and  resultant  drive  system 
damage  were  unsatisfactory,  and  correction  is  mandatory. 

20.  The  limits  of  the  directional  control  displacement  vary  as 

a  function  of  directional  SCAS  position.  When  the  directional  SCAS 
is  nulled,  full  left  directional  control  results  in  a  19-degrce 
tail  rotor  blade  pitch  angle.  With  the  directional  SCAS  12.5  per¬ 
cent  to  the  right  of  the  nulled  position,  only  a  16-degree  blade 
angle  can  be  attained.  Thus,  when  operating  under  conditions  where 
directional  control  is  critical,  the  yaw  SCAS  operation  can  fur¬ 
ther  deteriorate  the  maximum  directional  control  power. 

21.  The  following  recommendations  resulted  from  an  analysis  of 
the  antitorque  system  performance: 

a.  To  provide  adequate  directional  control  power  and  to 
preclude  excessive  overtorquing  of  the  tail  rotor  drive  system 
components,  the  operational  flight  envelope  should  be  restricted 
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to  conditions  which  provide  a  10-percent  directional  control  margin. 
Also,  hovering  at  skid  heights  of  3  to  15  feet  should  be  avoided. 

h.  Action  should  he  initiated  to  increase  the  directional 
control  margin  and  improve  the  torque  transferring  capability  of 
the  tail  rotor  drive  system  so  the  full  potential  of  the  All-10 
can  be  realized. 

HOViiR  INI!  PhRFORMANCh 

22.  The  objective  of  the  hovering  performance  tests  was  to  deter¬ 
mine  hovering  performance  as  a  function  of  skid  height  above  the 
ground.  The  tests  were  conducted  in  the  clean  configuration  and 
spot-checked  in  the  heavy  hog  configuration  to  determine  the  effects 
of  wing  stores.  The  test  results  are  presented  in  figures  13  through 
19,  appendix  Vll.  The  test  conditions  arc  presented  in  table  2. 
Tethered  hover  was  used  as  a  primary  test  method,  and  the  OGL  data 
were  spot-checked  during  free-f light  hover. 

Table  2.  Hovering  Performance  Test  Conditions. 


Configuration 

Skid  Height 
(ft) 

Altitude  Above 
Mean  Sea  Level 
(ft) 

Rotor 

Speed 

(rpm) 

Clean 

520 

324,  314 

Clean  and  heavy  hog 

4120 

324,  314 

Clean  and  heavy  hog 

gugmn 

9500 

324,  314 

23.  The  AH-1C  hovering  performance  contract  guarantee  states  that 
th c  aircraft  at  an  8000 -pound  grwt  will  hover  at  2000  feet  OGli  at 
an  outside  air  temperature  of  95°F.  The  hovering  guarantee  further 
states  that  the  engine  power  available  will  be  determined  witli  the 
particle  separator  and  engine  inlet  screens  removed  and  zero  bleed 
air  extracted  from  the  engine  compressor  section.  Under  these  condi¬ 
tions,  the  aircraft  exceeded  the  contract  guarantee  by  1400  feet 

in  altitude  or  430  pounds  in  gross  weight  (fig.  13,  app  VII).  This 
guarantee  was  met  without  encountering  the  recommended  10-percent 
directional  control  margin. 

24.  The  production  aircraft  has  the  engine  particle  separator  and 
engine  inlet  screens  installed  plus  an  0.6-percent  compressor  bleed 
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air  extraction  to  drive  the  engine  oil  cooling  fan.  These  modifi¬ 
cations  decreased  the  engine  power  available  and,  consequently, 
decreased  the  OGE  hovering  capability  for  an  ambient  temperature 
of  35°C.  This  decrease  in  performance  is  illustrated  in  figure  B. 
Figure  B  also  presents  standard  day,  OC.Ii  hovering  performance.  ’Hie 
standard  day,  0(11:  hovering  ceiling  was  limited  by  the  recommended 
10-percent  directional  control  margin  above  13,200  feet  as  indicated 
by  the  dashed  line  in  figure  B. 


FIGURE  B 

OGE  HOVERING  PERFORMANCE 
AH—  1 G 

T53-I.-13  ENGINE 
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GROSS  WEIGHT  -  LB  x  100 

Notes:  1.  Wind  Less  Than  2  Knots 
2.  Rotor  Speed  =  324  RPM 


25.  The  in-ground-effect  (IGE)  hovering  performance  is  limited  by 
directional  control  in  many  areas  depending  on  skid  height,  density 
altitude  and  rotor  speed.  The  most  critical  IGE  skid  height  occurs 
at  7  feet  with  a  directional  control  margin  of  10  percent.  Figure 
C  presents  the  IGE  hovering  capability  of  the  AH-1G  at  a  skid  height 
of  5  feet  for  standard  day  conditions  at  a  rotor  speed  of  324  rpm. 

It  can  be  seen  that  the  AH-1G  hovering  capability  is  greatly  reduced 
when  observing  the  recommended  10-percent  directional  control  margin. 
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GROSS  WEIGHT  -  POUNDS  x  100 


26.  The  hovering  performance  capability  was  further  degraded 
when  hovering  in  adverse  crosswind  conditions  as  shown  in  figures 
20  through  25,  appendix  VII.  Figure  D  is  presented  to  illustrate 
this  degradation.  For  IGE  hover  ceilings  at  5000  and  10,000  feet, 
the  data  show  that:  up  to  and  including  wind  velocities  of  10 
knots,  the  maximum  hovering  grwt  is  reduced  approximately  55  pounds 
per  knot;  for  wind  velocities  above  10  knots,  the  reduction  in 
gross  weight  increases  nonlinearly  with  increasing  wind  veloc¬ 
ity  at  all  three  altitudes. 
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I  IGURli  D 

HOVERING  IN  KIND  ENVEluPE  l  OK  A 
10- PERCENT  L)  1  RECTIONAL  CONTROL  M/MU ; IN 
AII-1G  T53-L-1 3 
SKID  i II:  I  Cl  IT  =  7  I'LII IT 


6600  7400  8200  9000  9800  10600 

GROSS  WEIGHT  ~  POUNDS 

Notes:  1.  Wind  Velocity  Presented  for  Critical  Wind  Azimuth 

2.  Seven-Foot  Skid  Height  Represents  Most:  Critical  Condition 

3.  Full  Left  Directional  Control  =  19°  Tail  Rotor  Blade  Angle 

4.  Ten-Percent  Directional  Control  Remaining  From  Mean 
Control  Position  Required  During  Stabilized  Dover 

5.  Yaw  SCAS  OFF 

6.  Standard  Day 

TAKEOFF  PERFORMANCE 

27.  Takeoff  tests  were  conducted  to  determine  the  takeoff  distance 
required  to  clear  a  50-foot  obstacle.  The  test  conditions  were: 
heavy  hog  configuration,  a  7420-  to  9270  pound  grwt.,  a  140-  to  11,320- 
foot  Up  and  a  eg  of  195  inches.  The  test  results  are  presented  in 
figures  26  to  29,  appendix  VII.  The  takeoff  performance  summary 
(fig.  26)  shows  that  takeoff  performance  at  altitude  is  limited  Ivy 
directional  control.  For  a  10-percent  directional  control  margin, 
the  maximum  takeoff  density  altitudes  attained  were:  10,600  feet 
for  a  gross  weight  of  8500  pounds  and  6600  feet  for  a  gross  weight 
of  9500  pounds.  The  performance  summary  does  not  include  data  below 
30  knots  indicated  airspeed  (KIAS)  because  of  large  errors  in  the 
standard  airspeed  system  between  zero  and  30  KIAS.  Data  were  ob¬ 
tained  at  airspeeds  below  30  KIAS  with  the  boom  airspeed  system. 
Although  these  data  are  included  in  the  test  results,  they  are  not 


recommended  for  handbook  inclusion  since  they  are  neither  accurate 
nor  repeatable  with  the  production  airspeed  system. 

28.  The  test  technique  used  during  this  test  was  as  follows: 

a.  Hover  IGE  at  a  3-foot  skid  height  at  324  rotor  rpm. 

b.  Slowly  acccleiate  to  15  knots  (translational  lift)  with 
the  minimum  increase  in  collective  pitch  required  to  maintain  a  3- 
foot  skid  height . 

c.  Smoothly  increase  collective  pitch  to  limit  torque  (or  engine 
exhaust  gas  temperature  (EGT)  limit,  if  applicable)  and  continue 

the  acceleration  at  the  same  skid  height. 

d.  Rotate  the  helicopter  to  a  climb  attitude.  Rotation  was 
initiated  at  the  climbout  airspeed  minus  10  percent  to  prevent  over¬ 
shooting. 

e.  Climbout  at  the  recommended  airspeed  until  clear  of  the 
obstacle . 

29.  The  above  technique  differs  from  the  normal  level -flight  accel¬ 
eration  test  method  where  maximum  power  is  applied  at  a  hover.  The 
change  in  technique  was  necessary  to  avoid  excessive  horsepower  re¬ 
quirements  in  the  tail  rotor  drive  train  and  encountering  insuffi¬ 
cient  directional  control.  The  test  takeoff  technique  allowed  the 
maneuver  to  be  performed  with  little  or  no  increase  in  the  left  pedal 
required  for  a  stabilized  3-foot  hover.  Also,  this  test  technique, 
unlike  the  normal  method,  does  not  demand  uncomfortably  large,  nose- 
down  pitch  attitudes  to  maintain  a  constant  skid  height  during  accel¬ 
eration  when  performing  a  takeoff  with  high  excess  power  available. 

50.  The  significance  of  the  modified  technique  can  be  seen  in  the 
time  histories  of  this  maneuver  (figs.  30  and  31,  app  VII).  These 
data  show  that  the  design  tail  rotor  horsepower  limit  and  the  10- 
perccnt  directional  control  margin  were  closely  approached  during 
the  initial  phase  of  the  maneuver.  The  data  also  show  significant 
decreases  in  tail  rotor  horsepower  and  left  pedal  required  with  in¬ 
creased  airspeed.  For  the  same  test  conditions,  the  earlier  power 
application  of  the  normal  takeoff  technique  would  result  in  exceed¬ 
ing  the  tail  rotor  horsepower  limit  and  reducing  the  directional 
control  margin  significantly.  To  preclude  further  limitations  to 
the  takeoff  envelope  due  to  either  excessive  tail  rotor  horsepower 
requirement  or  loss  of  adequate  directional  control  margin,  the  level- 
flight  takeoff  technique  used  during  this  test  is  recommended  for 
operational  use. 
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CLIMB  PLRPORMANCH 


31.  Continuous  climbs  to  service  ceilings  were  conducted  to  deter¬ 
mine  the  climb  performance  of  the  A11-1G.  All  climbs  were  performed 
with  the  engine  developing  1100  shp  until  the  critical  altitude  of 
the  installed  engine  was  reached.  Above  the  critical  altitude,  mili¬ 
tary  rated  power  (MRP)  was  used  until  service  ceiling  was  obtained. 
The  optimum  airspeed  climb  schedule  was  used  for  all  climbs.  The 
test  conditions  and  significant  results  for  each  climb  are  presented 
in  table  3.  It  is  estimated  that  the  rates  of  climb  presented  in 
table  5  could  be  improved  upon  by  flying  at  the  aft  eg  limit.  The 
complete  test  results  of  the  continuous  climbs  are  presented  in  fig¬ 
ures  32  through  56,  appendix  VII.  The  rates  of  climb,  particularly 
from  SL  to  10,000  feet,  were  excellent  and  enhance  the  capability 
of  the  All- 1 G  for  the  attack  helicopter  mission. 

Table  3.  Climb  Performance  Test  Results. 

Center  of  gravity:  forward  Standard  day 

Rotor  speed:  324  rpm  Rocket  pod  fairings  not  installed 


Configuration 

Climb 

Start 

GRWT 

(lb) 

SL  Rate 
of  Climb 
(fpm) 

10,000-foot  lip 
Rate  of  Climb 
(fpm) 

Combat 

Ceiling1 

(ft) 

Service 

Ceiling2 

(ft) 

Clean 

7500 

2200 

2150 

19,500 

20,900 

Clean 

"  . 

3500 

1725 

1625 

16,600 

18,100 

Heavy  hog 

8500 

1675 

1550 

16,500 

17,900 

Heavy  hog 

9500 

1250 

1050 

12,600 

14,200 

Altitude  for  maximum  rate  of  climb  of  500  feet  per  minute  (fpm) . 
2Altitudo  for  maximum  rate  of  climb  of  100  fpm. 


32.  The  climb  performance  contract  guarantee  states  that  the  air¬ 
craft  will  climb  at  1800  fpm  on  a  standard  day  at  SL  in  the  outboard 
alternate  configuration  with  a  climb  start  grwt  of  8000  pounds.  Due 
to  atmospheric  conditions  and  the  altitude  specified  by  the  contract 
guarantee,  it  was  necessary  to  extrapolate  the  test  data  from  2400 
feet  to  SL.  The  extrapolation  indicates  a  SL  rate  of  climb  (R/C) 
of  1835  fpm  (35  fpm  more  than  required  by  the  guarantee).  It  is 
estimated  that  an  additional  65-fpm  R/C  could  be  realized  by  flying 
at  an  aft  eg  loading. 
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53.  Additional  continuous  climbs  were  flown  from  2000  to  10,000 
feet  to  determine  the  correction  factors  for  both  gross  weight  (Kw) 
and  engine  power  (Kp)  changes.  These  climbs  were  conducted  in  both 
the  clean  and  heavy  hog  configurations.  A  value  of  0.873  was  deter¬ 
mined  for  Kp  in  both  configurations.  Kw  varies  nonlinearly  from 
0.560  for  a  gross  weight  of  7000  pounds  to  1.026  for  a  gross  weight 
of  9500  pounds.  Altitude  had  no  effect  on  the  values  of  either  Kp 
or  Kw.  The  results  of  these  tests  arc  presented  in  figure  35,  appen¬ 
dix  VII. 

34.  The  maximum  R/C  airspeed  schedules  were  derived  from  the  level - 
flight  performance  data  and  are  presented  in  nondimensi onal  form 

in  figure  36,  appendix  VII.  The  pilot's  effort  required  to  fly  the 
climb  schedule  was  moderate  in  that  numerous  longitudinal  control 
corrections  were  necessary  to  maintain  an  exact  airspeed  (IIQRS  4)  . 

A  reduction  in  pilot  effort  was  realized  by  flying  a  climb  airspeed 
approximately  15  knots  faster  than  the  optimum  airspeed.  Climbs 
performed  at  the  higher  airspeed  resulted  in  satisfactory  climb  per¬ 
formance  with  minimal  pilot  compensation  fUQRS  3) .  It  is  recommended 
that  the  optimum  climb  airspeed  be  increased  15  knots  for  night  oper¬ 
ations  or  instrument  flight. 

LEVEL  FLIGHT  PERFORMANCE 

35.  The  objectives  of  these  tests  were  to  define  level -flight  maxi¬ 
mum  airspeeds  and  to  determine  optimum  cruise  airspeeds  for  maxi¬ 
mum  range  and  endurance.  The  conditions  tested  are  presented  in 
table  4. 


Cable  4.  Level -T 1 ight  Test  Conditions 


. 

i.oni  i  gurat  ion 

Center  of  (iravity 

Thrust  Coefficient  Range 

I  !  mill 

To  rwnrd 

0.003893  to  0 . 00()(i(>4 

i  i  can  1 

forward 

().  00. lofili  to  0. 00338: 

C 1  can 

Aft 

0.004:08  to  0. ('()<><> (.7 

Hu  s  i  v 

forward 

0.004613  to  0.003319 

Basic2 

forward 

0.004661  to  0.005419 

Light  scout 

forward 

0.004562  to  0.005371 

1  i  ght  hog 

forward 

0.004564  to  0.005348 

Inhoard  alternate 

forward 

0.004630  to  0.005351 

Outboard  alternate 

forward 

0.003988  to  0.005346 

Heavy  scout 

1-orwa  rd 

0.004576  to  0.006717 

Heavy  hog 

forward 

0.003983  to  0.006676 

Heavy  hog2 

forward 

Heavy  hog 

Aft 

0.004624  to  0.006734 

landing  gear  cross -1 
2 Rocket  pod  fairings 


:ube  fairings  removed, 
instal led . 


>6.  All  tests  were  flown  with  the  frangible  rocket  pod  fairings 
removed  unless  otherwise  specified,  find  plates  were  placed  over 
the  front  of  each  rocket  pod  to  aerodynami  ca 1 ly  simulate  a  loaded 
pod  when  inert  rockets  were  not  used  to  achieve  the  desired  aircraft 
loading.  The  results  of  the  level  flight  test  are  presented  in  fig¬ 
ures  37  through  101,  appendix  VIJ.  Aircraft  endurance,  specific 
range  and  maximum  airspeed  in  level  flighl  (Vpl  for  minimum  and  maxi 
mum  aerodynamic  drag  are  summarized  in  figures  106  through  100. 

37.  All  configurations  tested  revealed  an  increase  in  equivalent 
flat  plate  area  when  compared  to  the  clean  configuration.  The  in¬ 
crease  in  equivalent  flat  plate  area  for  different  configurations 
is  presented  in  figure  h  for  a  thrust  coefficient  of  19.0  x  10-^. 


I  he  increase  in  equivalent  flat  plate  area  was  greatest  for  the  heavy 
scout  and  heavy  hog  configurations.  The  equivalent  flat  plate  areas 
for  these  two  configurations  increased  nonlinearly  at  higher  air¬ 
speeds.  This  nonlinear  increase  in  equivalent  flat  plate  area  was 
attributed  to  the  change  in  aircraft  attitude  (nose  down)  as  air¬ 
speed  increased. 


PI  GURU  E 

CHANGE  IN  EQUIVALENT  ELAT  PLATE  AREA 

due:  to  king  armament  coneigijration  changes 


ROTOR  SPEED  =  324  RPM 
DENSITY  ALTITUDE  =  5000  FEET 
GROSS  WEIGHT  =  8500  POUNDS 
Ct  =  49.0  x  10-4 
CG  LOCATION  =  FORWARD 
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58.  fhe  contract  guarantee  is  14  1  knots  true  airspeed  (KTAS) 
in  the  outboard  alternate  configuration  on  a  standard  day  at  SI.  for 
a  gross  weight  of  8000  pounds  with  the  engine  developing  1100  shp. 

The  model  specification  did  not  specify  what  eg  would  he  used  to 
meet  this  guarantee  or  any  other  contract  guarantee.  Figure  102, 
appendix  VII,  presents  the  l'esults  of  the  Vp  contract  guarantee  check. 
The  aircraft  did  not  meet  this  guarantee  at  the  forward  eg  location 
since  it  could  only  achieve  a  velocity  of  140  Ki'aS.  However,  the 
aircraft  exceeds  the  contract  guarantee  by  9  knots  when  loaded  at 
an  aft  eg  loading. 
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39 .  ITie  V||  was  limited  by  the  main  transmission  torque  limit  up 
to  the  critical  altitude  of  the  engine.  Above  t lie  critical  alti¬ 
tude,  maximum  engine  power  available  was  the  limiting  parameter. 

At  5000  feet,  the  Vj j  decreased  from  154  Ki'AS  at  a  7000-pound  grwt 
to  142  KTAS  at  a  9500-pound  grwt  in  the  clean  configuration  at  a 
forward  eg.  The  V||  for  each  individual  armament  configuration  is 
presented  in  table  5.  When  comparing  the  clean  and  heavy  hog  config¬ 
urations,  the  V | j  decreased  about  9.0  percent.  The  present  limit 
airspeed  (V p)  cannot  be  exceeded  under  any  level  flight  condition. 
Figure  F  presents  the  maximum  airspeed  obtainable  versus  gross  weight 
for  the  clean  and  heavy  hog  configurations  at  the  forward  and  aft 

eg- 


FI  GURU  F 

MAXIMUM  AIRSPF.UD  IN  LUVLL  FLIGHT 
All-  1G  T53-L-13 
ALTITUDU  =  5000  FUHT 
ROTOR  SPliF.D  =  324  RPM 
STANDARD  DAY 
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Table  5.  Summary  of  Maximum  Airspeed,  Specific  Range  and  l.ndurance. 

Altitude:  5000  feet  Rotor  speed:  524  rpm 

Gross  weight  :  8500  pounds  Standard  day 

Center  of  gravity:  forward  Rocket  pod  fairings  not  installed 


Configuration 

Maximum 

Ai rspecd 
in  l.evel 
flight 
(KTAS) 

Recommended 
Crui se 

Ai rspecd 
for  99" 
Maximum 
NAMPP 1 
(KTAS) 

Speci fi c 
Range 
for  99", 
Maximum 
NAMPP 

fuel  flow 

at 

Mi n i mum 
Hngi ne 
Powe  r 
Requi red 
(lb/hr) 

Clean 

148.5 

137.0 

0.2200 

458 

Basic 

146.5 

135.5 

0.2165 

462 

Light  scout 

144.5 

134.0 

0.2140 

464 

Inboard 

alternate 

143.5 

133.0 

0.2130 

464 

Outboard 

alternate 

143.0 

...  , 

132.0 

0.2125 

466 

Light  hog 

142.5 

131.0 

0.2120 

466 

Heavy  scout 

140.5 

129.5 

0.2090 

467 

Heavy  hog 

135.5 

127.0 

0.2030 

471 

Minimum 


Change  in 
equivalent 
flat  Plat 
Area  -  /.f ‘ 
(ft-) 


’Nautical  air  miles  per  pound  of  fuel. 

zAf  equals  equivalent  flat  plate  area  for  configuration  minus 
lent  flat  plate  area  for  clean  configuration. 


4.95 

below  130 
KTAS 


7.7 

below  125 
KTAS 


equj  va- 


40.  The  range  performance  contract  guarantee  states  that  the  air¬ 
craft  will  have  an  operating  radius  of  148  miles.  Hie  All-  1G  exceeds 
tli  i  s  contract  guarantee  by  1.6  nautical  miles  (NM)  at  a  forward  eg 
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a:iu  8.1  \’M  at  an  aft  eg.  fable  13,  appendix  VI,  presents  a  summary 
of  the  operating  radius  contract  guarantee  analysis.  This  analysis 
was  based  01  figures  It'd  and  104,  appendix  V I  I  . 

11.  The  range  performance  of  various  armament  configurations  are 
presented  in  table  3  for  a  thrust  coefficient  of  40.0  x  10-4.  'I'll t* 
range  of  the  heavy  bog  configured  aircraft  at  00  percent  of  maximum 
\AM1T  is  '.7 -percent  less  than  the  range  for  the  clean  configured 
aircraft.  Minimal  pilot  effort  was  required  to  maintain  the  cruise 
airspeeds  for  all  configurations  (IIQRS  3). 

12.  Hie  endurance  guarantee  specified  that  the  aircraft  would  be 
capable  of  loitering  in  level  flight  for  a  period  of  3.0  hours .  The 
aircraft  exceeded  this  guarantee  by  0.03  hours  at  a  forward  eg  and 
0.08  hours  at  an  aft  eg.  Table  C,  appendix  VI,  presents  a  summary 

of  the  endurance  contract  guarantee  analysis.  This  analysis  is  based 
on  figures  103  and  104,  appendix  VI 1. 

43.  Hie  endurance  capability  of  the  All- Hi  in  various  armament 
configurations  is  presented  in  table  5  for  a  thrust  coefficient 
of  49.0  x  10-4.  '|jie  ajixraft's  endurance  in  the  minimum  aero¬ 
dynamic  drag  configuration  is  2.S  percent  more  than  in  the 
maximum  aerodynamic  drag  configuration. 

44.  Hxtensive  pilot  compensation  was  necessary  to  precisely  main¬ 
tain  the  airspeed  for  maximum  endurance  fllQRS  6).  The  compensation 
required  was  both  annoying  and  fatiguing  to  the  pilot,  particularly 
for  periods  of  time  in  excess  of  15  minutes.  If  this  airspeed  was 
not  precisely  maintained,  a  rate  of  descent  (R/D)  developed  which 
necessitated  an  increase  in  power  to  return  to  level  flight.  The 
pilot's  effort  decreased  significantly  (IIQRS  3)  while  maintaining 
an  airspeed  approximately  15  knots  higher  than  the  maximum  endur¬ 
ance  airspeed.  The  increase  in  engine  power  required  to  maintain 
the  higher  airspeed  was  small  and  resulted  in  a  maximum  3-percent 
increase  in  fuel  flow.  It  is  recommended  that  a  discussion  of  the 
pilot's  workload  versus  the  aircraft's  maximum  endurance  capabili¬ 
ties  be  included  in  the  operator's  manual. 

15.  The  eg  location  had  a  significant  effect  on  the  power  required 
for  ai  t  cpi.  e  is  above  50  KCAS.  'Hie  power  required  to  maintain  level 
flight  ’..•creased  as  the  eg  moved  aft.  There  was  a  larger  reduction 
in  jiower  required  for  the  heavy  hog  than  the  clean  configuration. 

Hie  reduction  in  equivalent  flat  plate  area  and  the  increase  in  maxi¬ 
mum  airspeed,  endurance  and  range  due  to  the  change  in  eg  are  pre¬ 
sented  in  table  (>.  Ibis  analysis  indicates  that  a  greater  reduc¬ 
tion  in  power  required  can  be  realised  by  operating  at  an  aft  eg. 
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Table  6.  Effect  of  CG  on  Maximum  Airspeed,  Specific  Range  and  Endurance. 
Altitude:  5000  feet  Standard  day 

Gross  weight:  8500  pounds  Rocket  pod  fairings  not  installed 
Rotor  speed:  524  rpm 


Configuration 

Maximum 
Airspeed 
in  Level 
Flight 
(KTAS) 

Recommended 
Cruise 
Airspeed 
for  99" 
Maximum 
NAiMPP 
(KTAS) 

Specific 
Range 
for  99uu 
Maximum 
NAMPP 

Fuel  Flow 

at 

Minimum 

Engine 

Power 

Required 

(lb/hr) 

Minimum 

Power 

Required 

Airspeed 

(KTAS) 

Change  in 
Equivalent 
Flat  Plate 
Area  -  Af1 
(ft2) 

Clean2 

149.0 

137.0 

0.2200 

458 

72.0 

3.9 

Cl -"an 3 

157.5 

150.0 

0.2325 

455 

69.0 

Heavy  hog2 

137.5 

127.0 

0.2030 

471 

63.5 

6.4 

Heavy  hog3 

146.0 

132.5 

0.2180 

458 

69.0 

xAf  equals  equivalent  flat  plate  area  for  forward  eg  minus  equivalent 
flat  plate  area  for  aft  eg. 

2 forward  eg. 

3 Aft  eg. 


4b.  The  effects  of  main  rotor  compressibility  were  checked;  how¬ 
ever,  the  limited  temperature  range  available  during  the  test  pro¬ 
gram  was  only  sufficient  to  achieve  a  blade  tip  much  number  change 
of  0.014  at  140  KTAS.  Figure  105,  appendix  VII,  presents  a  compari¬ 
son  of  the  blade  tip  inach  number  for  two  speed-power  polars  flown 
at  an  average  thrust  coefficient  of  60.35  x  10_4.  This  limited  check 
indicated  no  significant  degrauation  in  the  level  flight  perform¬ 
ance  with  increasing  tip  mach  numbers. 

47-  The  installation  of  the  frangible  rocket  pod  fairings  reduced 
the  engine  power  required  to  maintain  level  flight.  This  reduction 
in  power  was  greatest  for  the  heavy  hog  configuration.  The  decrease 
in  engine  power  required  with  the  fairings  installed  was  less  sig¬ 
nificant  in  the  basic  configuration  than  in  the  heavy  hog  configura¬ 
tion.  Table  7  presents  the  decrease  in  equivalent  flat  plate  area 
and  subsequent  increases  in  maximum  airspeed,  endurance  and  range 
with  the  frangible  rocket  pod  fairings  installed  for  a  thrust  coeffi¬ 
cient  of  49.0  x  10-4 . 
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I’ ; ■  b  1  e  7.  Effect  of  Frangible  Rocket  Rod  Fairings  on 

Maximum  Airspeed,  Specific  Range  and  Fndurance. 

Gross  weight:  8500  pounds  Rotor  speed:  324  rpm 

Altitude:  5000  feet  Standard  day 

Center  of  gravity:  forward 


Configurat ion 

Maximum 
Airspeed 
in  Level 
Flight 
(KTAS) 

Recommended 
Cruise 
Airspeed 
for  991 
Maximum 
NAMPR 
(KTAS) 

Specific 
Range 
for  991 
Maximum 
NAMPR 

Fuel  Flow 

at 

Minimum 

Ungine 

Power 

Required 

(lb/hr) 

Minimum 

Power 

Required 

Airspeed 

(KTAS) 

Change  in 
liqui  valent 
Flat  Plate 
Area  -  Af1 
(ft2) 

Basic2 

146.5 

135.5 

0.2165 

462 

70.5 

0.5 

Basic  3 

147.5 

136.5 

0.2175 

460 

70.5 

Heavy  hog2 

137.5 

127.0 

0.2030 

471 

63.5 

3.8 

Heavy  hog3 

141.0 

131.0 

0.2100 

457 

68.0 

*Af  equals  equivalent  flat  plate  area  for  rocket  pod  fairings  not  in¬ 
stalled  minus  equivalent  flat  plate  area  for  rocket  pod  fairings  in¬ 
stalled  . 

2Rocket  pod  fairings  not  installed. 

3Rocket  pod  fairings  installed. 


48.  The  removal  of  the  landing  gear  cross-tube  fairings  increased 
the  equivalent  flat  plate  area  by  0.5  square  feet.  This  increase 
in  the  flat  plate  area  caused  a  decrease  of  less  than  2  percent 

in  range  performance  and  maximum  level-flight  airspeed.  There  was 
a  negligible  effect  on  endurance  capability.  A  Vp  of  160  KIAS  for 
this  configuration  was  established  by  USAAVSCQM ' s  message  (ref  16, 
app  I)  and  was  not  exceeded  during  level-flight  testing. 

49.  The  tail  rotor  horsepower  required  was  monitored  during  several 
level-flight  performance  tests.  This  parameter  does  not  limit  the 
operational,  forward  level-flight  envelope.  The  tail  rotor  horse¬ 
power  in  forward  flight  above  40  knots  calibrated  airspeed  (KCAS) 
varied  from  15  to  45  horsepower.  The  higher  values  were  encountered 
at  maximum  airspeed. 
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50.  The  equivalent  flat  plate  area  of  both  the  test  aircraft  and 
the  production  All- 111  have  been  increased  approximately  5  square  feet 
above  that  of  the  Bell  Helicopter  Company's  model  200  aircraft  (ref 
17,  app  1).  It  should  lie  noted  that  the  engine  used  during  the  Army 
evaluation  of  the  Bell  model  209  was  not  calibrated  below  an  output 
torque  pressure  of  -14.5  pounds  per  square  inch  (psi);  therefore, 
this  increase  in  equivalent  flat  plate  area  can  only  lie  calculated 
accurately  at  engine  slip  above  1020.  This  increase  in  equivalent 
flat  plate  area  was  probably  caused  by  the  following  external  changes 

a.  The  addition  of  two  inboard  wing  stores  stations. 

b.  'flic  wider  fuselage  configuration  for  acceptance  of  the  final 
chin  turret. 

c.  Increased  thickness  of  the  stub  wings. 

d.  Different  configurations  of  the  skid  tubes  and  supporting 
structure . 

e.  'Hie  removal  of  flush-head  rivets  from  the  tail  boom. 

f.  'Hie  addition  of  various  access  and  vent  panels. 

AUTO  ROT  AT I ONA  L  DESCENT  PERFORMANCE 

51.  Steady  state  autorotational  descent  performance  tests  were  con¬ 
ducted  in  botli  the  clean  and  heavy  hog  configuration  under  test  condi 
tions  of:  a  5000-foot  lip,  an  8500-pound  grwt  and  a  forward  eg  loca¬ 
tion.  The  test  results  are  presented  in  figures  110  and  111,  appen¬ 
dix  VII.  The  minimum  R/D  was  1815  fpm  for  both  configurations  and 
occurred  at  77.5  KTAS  in  the  clean  configuration  and  74  KTAS  in  the 
heavy  hog  configuration.  The  data  also  indicate  that  airspeed  can 
vary  ±10  knots  from  the  minimum  R/D  airspeed  without  significantly 
increasing  R/D.  This  is  a  desirable  characteristic  since  it  allows 
the  pilot  to  concentrate  on  such  things  as  the  landing  site  selec¬ 
tion  without  incurring  a  large  penalty  should  the  airspeed  vary  as 
much  as  ±10  knots  from  the  optimum. 

52.  The  airspeed  for  maximum  glide  distance  in  the  clean  config¬ 
uration  was  112  KTAS  and  resulted  in  a  2140-fpm  R/D  and  a  glide  ratio 
of  5.2:1.  For  the  heavy  hog  configuration,  the  airspeed  for  maxi¬ 
mum  glide  was  98  KTAS  with  a  2015-fpm  R/D  and  a  4.9:1  glide  ratio. 
Minimal  pilot  effort  was  necessary  to  maintain  the  airspeeds  for 
maximum  glide  (IIQRS  3)  . 
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Precise  control  of  the  rotor  speed  during  steady  state  auto- 
rotation  was  dil'i'icult  because  small  adjustments  of  the  collec¬ 
tive  pitch  control  resulted  in  relatively  large  changes  in  rotor 
rpm.  In  addition,  the  high  inertia  of  the  rotor  system  caused 
a  lag  in  the  response  of  rotor  speed  to  collective  control  inputs, 
llicse  two  characteristics  resulted  in  the  pilot's  tendency  to  "chase 
the  rotor  speed".  Although  it  was  not  difficult  to  maintain  rotor 
rpm  between  red  lines  (294  and  33d  rpm),  attempting  to  maintain 
a  precise  rotor  speed  required  extensive  pilot  effort  and  atten- 
t  i  on  (I1QRS  o)  . 

LANhlNll  IMiKl-'ORMANCL 


31.  handing  performance  tests  were  conducted  to  determine  the 
landing  distance  required  to  clear  a  50-foot  obstacle.  The  test 
was  performed  at  a  6360-foot  lip,  at  gross  weights  from  8490  to 
9500  pounds  and  in  the  heavy  hog  configuration. 

55.  The  test  results  are  presented  in  figure  112,  appendix.  VII. 
The  slowest  recommended  approach  airspeed  is  15  KCAS  (17  KTAS) 
and  resulted  in  a  landing  distance  of  265  feet  after  clearing  a 
50- foot  obstacle.  Although  the  data  show  that  slower  approach 
airspeeds  were  flown,  airspeeds  below  translational  lift  (less 
than  15  KCAS)  are  not  recommended  because  of  the  critical  tail 
rotor  horsepower  requirements  and  directional  control  margins  pre¬ 
viously  di.  cussed  (paras  17  and  19).  The  following  holding  tech¬ 
nique  was  used  for  this  test: 

a.  establish  the  selected  approach  airspeed  with  an  approxi¬ 
mate  300-fpm  R/L). 

h .  Maintain  airspeed  and  R/l)  until  the  helicopter  is  JO  to 
15  feet  above  the  terrain. 

e.  Smoothly  reduce  airspeed  and  R/l)  and  affect  touchdown 
with  little  or  no  ground  speed. 


tNMMi  I N'STAI. RATION  l.OSSfS 

So.  ihu  objective  ot  these  analyses  and  tests  was  to  dctirmine 
engine  installation  losses  and  .their  effect  on  engine  power  and 
engine  fuel  flow,  bnginc  power  available  and  fuel  flow  were  de¬ 
rived  by  the  methods  presented  in  the  engine  manufacturer's  model 
specification  (ref  18,  app  I).  Hie  engine  power  and  fuel-flow 
data  are  presented  in  figures  111  through  118.  appendix  Vll. 
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57.  Only  one  inlet  configuration  was  tested  to  determine  the  effect 
on  engine  performance.  This  inlet  configuration  had  the  engine 
inlet  screens  and  engine  particle  separator  installed  and  is  the 
standard  production  configuration.  The  inlet  losses  attributed 

to  this  inlet  configuration  were  used  to  determine  engine  horse¬ 
power  output  and  engine  fuel  flow  in  all  tests  in  this  report  except 
for  contract  guarantee  compliance  checks.  The  results  of  the  produc¬ 
tion  inlet  evaluation  are  presented  in  figure  113,  appendix  VII. 

58.  The  engine  inlet  temperature  rise  for  the  standard  production 
conf  iguration  varied  non  linearly  from  3°C  to  6°C  for  airspeeds  from 
zero  to  150  KCAS.  There  was  no  apparent  change  in  inlet  temper¬ 
ature  rise  as  a  function  of  hover  skid  height,  accumulative  hover 
time,  engine  power  required,  altitude  or  rotor  speed.  However, 

a  slight  increase  in  inlet  temperature  can  be  expected  when  hover¬ 
ing  down  wind.  The  exact  magnitude  of  this  additional  inlet  tem¬ 
perature  is  transient  in  nature.  No  tests  were  conducted  to  deter¬ 
mine  the  effects  of  dirt  and  debris  accumulation  in  the  particle  sepa¬ 
rator  and  engine  screens.  The  variation  of  inlet  temperature  rise 
had  the  same  effect  on  both  engine  power  and  fuel  flow  which  results 
from  an  increase  in  ambient  temperature. 

59.  The  engine  inlet  pressure  ratio  (Pt2/Pa)  varies  nonlinearly  from 
a  maximum  of  0.985  at  zero  airspeed  (hover)  to  0.97  at  150  KCAS  with 
the  standard  production  inlet  configuration.  The  inlet  pressure  ratio 
did  not  vary  with  hover  skid  height,  accumulative  hover  time,  engine 
power  required,  altitude  or  rotor  speed.  This  decreasing  inlet 
pressure  ratio  with  increasing  airspeed  caused  a  loss  in  engine  power 
only  and  did  not  significantly  affect  specific  fuel  consumption. 

60.  Where  applicable,  all  contract  guarantees  were  based  on  the  inlet 
characteristics  presented  in  reference  17,  appendix  I.  Confirmation 
of  these  inlet  characteristics  was  not  necessary  since  all  contract 
guarantees  were  exceeded  using  these  inlet  losses  as  a  data  basis. 

This  inlet  configuration  did  not  have  engine  inlet  screens  or  an  engine 
particle  separator  installed.  A  comparison  of  the  two  inlet  config¬ 
urations  i?  presented  in  figure  C. 


25 


FIGURE  G 

ENGINE  CHARACTERISTICS 
Ail-  1G  T53-L-13 


ENGINE  SCREEN  AND  PARTICLE  SEPARATOR  NOT  INSTALLED 


ENGINE  SCREEN  AND  PARTICLE  SEPARATOR  INSTALLED 


40  80  120  160 

CALIBRATED  AIRSPEED-V„  -  KNOTS 


01.  The  magnitude  of  extracted  compressor  bleed  air  used  was  not 
measured  during  this  test  program.  The  results  and  analysis  of 
the  test  conducted  by  the  airframe  manufacturer  revealed  that  a 
constant  0.6  percent  of  the  total  air  flow  is  used  to  power  the 
aircraft's  oil  cooler  fan.  This  value  was  used  to  determine  engine 
performance  when  bleed  air  was  not  used  for  the  environmental  con¬ 
trol  system,  engine  anti-icing  or  rain  removal.  When  the  cool¬ 
ing  portion  of  the  environmental  control  system  was  opera*  mg, 

3.6  percent  of  engine  bleed  air  was  used  to  determine  the  perform¬ 
ance  of  the  engine.  Tor  normal  operations,  bleed  air  extraction 
will  probably  not  exceed  3.6  percent.  It  would  he  possible  to 
use  the  entire  4  percent  of  maximum  allowable  bleed  air  if  the 
anti-icer  and  cooling  systems  were  functioning  at  the  same  time. 
Zero  bleed  air  was  used  for  checking  contract  guarantees. 


62.  Power  extracted  from  the  gas  producer  section  varied  between 
zero  and  14.0  horsepower  depending  upon  the  electrical  load.  The 
analysis  in  this  report  including  contract  guarantees  assumed  zero 
horsepower  extracted  from  the  gas  producer.  A  14 .0-horsopowcr 
extraction  resulted  in  a  maximum  decrease  of  1  percent  in  engine 
power  available  and  an  increase  of  0.05  percent  in  fuel  flow  for 
a  standard  day. 


POKhR  AVA1  LAB1.I-: 

63.  The  objective  of  these  analyses  is  to  present  the  engine  mili¬ 
tary  power  available  as  a  function  of  airspeed,  altitude  and  am¬ 
bient  temperature.  The  installation  losses  discussed  previously 
in  paragraphs  58  through  62  were  used  in  determining  engine  power 
available.  Constant  values  were  assumed  for  horsepower  extracted 
from  the  gas  producer  (zero  horsepower)  and  power  turbine  output 
speed  (6600  rpm) .  Power  available  was  calculated  using  zero,  0.6 
and  3.6  percent  of  engine  bleed  air.  The  power  available  data 
are  presented  in  figures  114  through  118,  appendix  VII. 

61.  The  characteristics  of  the  production  engine  air  inlet  caused 
the  power  available  to  decrease  with  increasing  airspeed.  The 
decrease  in  power  available  was  approximately  4.5  percent  between 
zero  and  1'0  KTAS  at  10,000  feet. 

65.  The  contract  guarantees  were  based  on  the  inlet  characteris¬ 
tics  presented  in  reference  17,  appendix  I.  The  bleed  air  and 
horsepower  extracted  from  the  compressor  section  wore  assumed  to 
be  zero  since  the  contract  guarantees  did  not  specify  any  value. 

66.  The  153-1.-13  engine  is  rated  at  1400  slip  at  51.,  standard  day, 
uninstalled  conditions.  The  maximum  power  output  limit  below  the 
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critic. il  .ltitudc  >  L'  the  engine  is  defined  hy  various  contractor 
doe  liiae  nt  s  (.refs  la  and  M,  app  i)  and  the  US  Army  All-Hi  operator's 
manual  (.ref  id).  The  maximum  power  output  limit  varies  from  1 J 00 
to  1  I  ns  slip  at  a  rotor  speed  of  32  i  rpm  (OoOO  rpm  engine  power 
turbine)  depending  on  whicli  reference  is  used  to  define  the  limit. 

\  1 1  per  forma  ne'e  data  m  this  report  are  based  on  an  1100-shp  limit 
up  to  the  critical  altitude  of  the  engine.  The  variation  in  maxi¬ 
mum  power  output  limits  is  presented  in  table  8.  The  All-Hi  oper¬ 
ator’s  manual  presents  a  "redlme,:  engine  torque  limit  of  50  ps  i 
m  chapter  seven,  while  1100  slip  is  defined  as  49, 0  psi  in  chapter 
fourteen.  These  values  disagree  with  the  torque  limits  presented 
in  table  8.  It  is  recommended  that  the  All-Hi  operator's  manual 
he  corrected  throughout  to  reflect  a  compatible  engine  torque  limit. 


Table  8.  Maximum  Power  Output  Determinations . 

lingine  speed:  0600  rpm 
Standard  day 


— 1 

lingine 

Cr.i  tieai 

Alt itude 
(ft) 

Shaft 

Horsepower 

Available 

(slip) 

Iingj  lie 
Output 
Torque 
(ft -lb) 

lingine 

Torque 

Pressure 

(psi) 

Source  of 
Information 

8200 

hioo 

875' 

47.5 

Ref  13,  app  1 

7000 

1137 

2  90  5 

49.1 

Ref  14,  app  1 

6300 

1158 

921.5 

350 . 0 

Ref  19,  app  1 

Engine  power  rating  limit. 

2 Main  transmission  input  torque  limit. 

3  lingine  "redlinc"  torque  pressure  limit. 


i  N’(i  INI:  i :ilA!T\£!U< ]ST ICS 

<>7.  The  objectives  of  these  tests  were  to  evaluate  engine/a ir frame 
matching  characteristics  and  to  compare  the  contractor's  engine 
calibration  data  with  the  engine  data  obtained  from  this  test  pro¬ 
gram  . 

6<S.  The  engine's  static  "droop"  characteristics  were  good.  Few 
adjustments  were  required  on  the  power  turbine  speed-select  "beep" 
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switch  when  reducing  or  incronsing  engine  power  output.  ihe  engine 
power  turbine  speed-select  switch  charnct or i st i es  .ire  presented 
in  figure  111',  nppendi.x  VII.  The  nveruge  time  required  for  rotor 
speed  to  change  after  the  "beep"  switch  was  activated  was  0.(>5 
seconds.  There  was  no  noticeable  variation  in  this  delay  time 
between  a  loaded  or  unloaded  rotor  system.  The  engine  "beep"  switch 
trim  rate  had  a  constant  value  of  157  rpin/sec  after  the  delay  time. 
The  power  turbine  speed-select  switch  characteristics  were  satis¬ 
factory  and  much  improved  over  previous  Ull-1  series  aircraft  equipped 
with  the  i'S.i  series  engine  (IIQRS  3). 

69.  The  dynamic  characteristics  of  the  T53-I.-13  appeared  to  be 
satisfactory  throughout  the  flight  envelope  tested.  When  rapid 
power  demands  were  required,  compressor  stall  was  not  encountered 
during  engine  acceleration.  Power  overshoot  was  small  and  engine 
oscillations  damped  quickly. 

70.  A  slight  engine  oscillation  was  noted  when  operating  the  engine 
at  maximum  power  available  above  the  critical  altitude  of  the  engine. 
This  oscillation  was  not  as  serious  as  that  reported  in  reference 

20,  appendix  I.  The  engine  oscillation  was  eliminated  when  power 
was  reduced  slightly  below  the  maximun  available. 

71.  Tests  were  performed  to  further  define  an  engine-a Lrframc- 
matching  shortcoming  previously  reported  in  the  AH  - 1  Cl  Phase  B  reports 
(refs  2  and  8,  app  I) .  This  shortcoming  was  the  increase  in  engine 
power  output  resulting  from  a  rapid  left -lateral  control  input 

while  in  forward  flight.  Conversely,  a  right-lateral  control  input 
resulted  in  a  reduction  in  engine  power  output.  With  fixed  col¬ 
lective  and  directional  controls,  a  rapid  left -lateral  control 
input  caused  a  decrease  in  rotor  speed.  The  engine’s  power-turbine 
governor  sensed  the  reduced  rotor  rpm  and  increased  the  fuel  flow, 
thus  increasing  engine  power  output.  The  test  data  are  presented 
in  figures  120  through  124,  appendix  VII,  and  indicate  that  the 
amount  of  increased  engine  power  is  a  function  of  the  size  of  the 
lateral  control  input.  Engine  torque  increased  5  psi  as  a  result 
of  left-lateral  control  inputs  of  approximately  1.5  inches  at  67 
and  125  KCAS.  A  14-psi  torque  increase  was  recorded  for  a  4-inch 
left-lateral  control  input  at  108  KCAS.  When  operating  below  engine 
critical  altitude,  an  abrupt  left-lateral  cyclic  input  could  result 
in  exceeding  the  torque  limit  of  the  main  transmission.  This  short¬ 
coming  detracts  from  the  overall  mission  effectiveness  of  the  Ali-iG, 
and  correction  is  desirable.  Until  such  correction  is  accomplished, 
it  is  recommended  that  a  complete  discussion  of  this  engine-airframe 
characteristic  be  included  in  the  operator's  manual. 

72.  Referred  engine  parameters  were  monitored  throughout  the  test 
program  to  check  for  engine  degradation  as  a  function  of  usage. 
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Two  engines  (S/N  1.1:  14001  and  S/N  l,E  14008)  were  used  during  the 
program.  The  engine  referred  parameters  calculated  for  these  tests 
are  presented  in  figures  125  through  130,  appendix  VII. 

73.  The  S/N  I. Li  14001  engine  was  used  for  all  tests  during  the  pro¬ 
gram  for  which  engine  power  was  required  as  a  primary  parameter. 
Correlation  was  very  good  between  engine  referred  parameters  ob¬ 
tained  during  this  program  and  the  engine  calibration  referred  param¬ 
eters  for  both  the  pre-program  and  post-program  engine  calibrations. 
The  characteristics  of  this  engine  were  better  than  the  minimum 
aeceotable  standards  specified  in  reference  18,  appendix  T.  The 
only  area  where  there  was  a  marked  difference  between  the  engine 
calibration  information  and  test  program  data  was  in  the  referred 
parameters  for  engine  EGT.  A  total  of  225.75  engine  operating  hours 
was  accumulated  during  the  test  program.  The  only  change  that  could 
be  construed  to  constitute  engine  deterioration  was  a  slight  in¬ 
crease  in  referred  EGT  as  a  function  of  referred  slip  when  comparing 
the  pre-program  and  post-program  calibration. 

74.  A  total  operating  time  of  56.2  hours  was  flown  on  engine  S/N 
LE  14008  prior  to  its  failure.  The  failure  was  noted  during  a  rou¬ 
tine  preflight  inspection.  Visual  inspection  revealed  that  the 
power  turbine  wheel  was  rubbing  against  the  casing. 

ENGINE  RESTART  DURING  FLIGHT 

75.  Tests  were  conducted  to  determine:  the  feasibility  of  attempt¬ 
ing  engine  restarts  in  flight  and,  if  practical,  the  best  procedure 
to  follow;  altitude  loss  during  a  restart;  and  the  engine/aircraft 
handling  characteristics  during  the  restart.  Three  engine  restarts 
were  performed  luring  flight,  two  at  a  5000-foot  Up  and  one  at  a 
12,000-foot  Up.  The  first  restart  was  made  from  a  steady  autorota¬ 
tion  at  65  KIAS  at  5000  feet  using  the  procedure  outlined  in  para¬ 
graph  4-26  of  the  AII-1G  operator's  manual.  The  second  was  at  110 
KIAS  at  5000  feet  using  the  normal  engine  start  procedure  (gover¬ 
nor  switch  in  AUTO).  The  third  was  at  60  KIAS  at  12,000  feet  using 
the  normal  engine  start  procedure. 


76.  The  results  of  the  restart  tests  show  that  it  is  possible  to 
restart  the  engine  during  flight  if  time  and  altitude  are  avail¬ 
able.  Following  engine  shutdown,  the  compressor  speed  (Nj)  decayed 
rapidly  and  showed  no  tendency  to  continue  rotation  due  to  inlet 
airflow.  The  decay  was  not  noticeably  affected  by  different  air¬ 
speeds  (65  and  110  KIAS) .  The  EGT  remained  high  (380°C)  for  more 
than  60  seconds  of  flight  with  the  engine  off.  Engaging  the  starter 
caused  the  SCAS  to  disengage  due  to  low  voltage.  The  SCAS  disen¬ 
gagement  resulted  in  a  distracting  trim  change  during  the  time  when 
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close  monitoring  •>!'  N  ^  and  l.llT  icis  required.  Hue  to  the  hi  eh 
residual  hUT  .ir  start  initiation,  close  monitoring  and  engine 
control  were  required  to  prevent  engine  overt  emp  mg .  1  lie-  engine 

acceleration  capability  was  limited  by  high  LOT  (7(I0°T  to  7  ( >( )  °  t ! )  . 

The  control  of  the  engine  and  rotor  speed  (during  the  transition 
from  power-off  to  powered  flight)  with  the  liM.F.R  governor  control 
demanded  very  close  attention  which  left  little  opportunity  for 
evaluation  of  potential  landing  sites  or  ground  proximity.  The 
procedure  using  the  h.MHR  governor  control  is  unaceptable  for  any 
situation  other  than  a  known  governor  malfunction.  The  compound¬ 
ing  problems  (engine  failure,  SCAS  disengagement,  ii.MI.R  governor 
control)  are  too  demanding  to  expect  safe  recovery  to  powered  flight. 
Sixty  seconds  were  required  after  engine  starter  engagement  to  regain 
sufficient  power  to  arrest  the  descent.  The  altitude  loss  was  1800 
feet  in  stablized  autorotation  at  the  minimum  R/P  airspeed  (05  K1AS). 

77.  The  second  restart  was  initiated  at  5000  feet  in  full  auto- 
rotation  at  110  K1AS.  The  governor  switch  was  left  in  AUTO,  and 
the  throttle  was  positioned  in  the  normal  start  detent.  The  \j 
decay  following  shutdown  was  similar  to  that  at  05  K1AS.  ’  1  he  HOT 
remained  high  (580°C  to  390°C)  at  time  of  starter  engagement.  The 
SCAS  disengaged  with  starter  activation  but  was  less  distracting 
since  the  resultant  aircraft  trim  change  was  anticipated.  The  HOT 
required  close  monitoring,  and  some  throttle  movements  were  neces¬ 
sary  to  prevent  the  I.C.T  from  exceeding  750°C.  After  self-sustaining 
rpm  was  reached  (-10-perccnt  N i )  ,  the  hCIT  was  easily  controlled, 
and  the  engine  accelerated  smoothly  to  operating  rpm.  The  time 
required  to  regain  powered  flight  was  45  seconds.  This  was  less 
time  than  that  required  when  using  manual  throttle  control  of  the 
governor  (OMliR)  .  The  altitude  loss  was  about  the  same  (1800  feet) 
due  to  the  higher  R/D  at  the  higher  airspeed.  The  pilot's  atten¬ 
tion  required  in  the  cockpit  using  AUTO  governor  control  was  greatly 
reduced  from  that  using  the  EMT.R  governor  control,  and  the  restart 
time  was  significantly  reduced. 


78.  The  third  restart  was  made  at  12,000  feet  in  a  60-KTAS  auto¬ 
rotation.  The  AUTO  governor  position  was  used.  This  restart  was 
identical  to  the  second  in  all  respects  except  for  altitude  loss 
(ie,  handling  qualities,  pilot  workload  and  time  to  restart).  The 
altitude  loss  was  1350  feet. 

79.  The  results  of  the  test  indicate  that  paragraph  4-27  of  the 
All- III  operator's  manual  should  he  revised  as  follows: 

4-27.  The  conditions  which  would  warrant  an  at¬ 
tempt  to  restart  t lie  engine  would  be:  an  engine 
flamcout  analyzed  to  he  a  malfunction  of  the  fuel 
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'i'.tiul  mill;  f.uiuri  of  [It  noost  pump  or  full 
I  o.smv  o  1  the  1 1 1  ini  1 1  i  e  dm  to  flight  idle  stop 
fa 1  1  lire  .  lit  e  dor  i  si  on  to  it  tempt  ;m  engine  re- 
t  trt  during  !  light  is  the  .  !  it's  respons  i  b  i  1  i  t  v 

and  is  dependent  upon  malysi.,  oi':  the  etmse 
of  failure,  tiie  ait  it  ink'  and  time  ava  1 1  ah  1  e  , 
t.he  potential  landing  condition  sites  and  the 
erev.  ti  s  s  i :  t  iii  i  Ci  available,  lest,,  have  shown 
that  45  to  0,1  scionds  will  hi  required  to  re¬ 
gain  powered  flight  from  the  time  the  starter 
switch  is  depressed.  Depending  on  the  air¬ 
craft's  weight,  speed  and  flight  path  at  the 
time  of  failure,  altitude  loss  during  restart 
will  vary  between  1500  and  2000  feet.  Before 
making  a  decision,  the  pilot  should  analyze 
the  following  variables:  the  time  and  altitude 
required  following  the  engine  failure  to  regain 
aircraft  control,  the  cause  of  failure  and 
whether  or  not  to  set  the  controls  and  switches 
for  restart.  If  an  engine  restart  is  to  be 
attempted,  proceed  as  follows: 


WARNING 

DUl:  TO  TIIE  INCREASED  ELECTRICAL 
LOAD  ON  TllL  BATTERY,  THE  SCAS  WILL 
DISENGAGE  WHEN  THE  STARTER  IS  DE¬ 
PRESSED.  BE  PREPARED  TOR  AN  AIR¬ 
CRAFT  TR r M  CHANGE. 


a.  Establish  autorotation  and  select  a  landing 

a  re  a . 

b .  Analyze  cause  of  failure: 

(1)  Mechanical :  DO  NOT  ATTEMPT  RESTART 

(2)  1'ucl  starvation:  Due  to  throttle  being 
closed,  fuel  switched  GEE  or  boost  pump  failure,  use 
abbreviated  normal  start  procedure: 


Battery .  ON 

fuel  Switch .  ON 

Boost  Pump  Circuit  Breakers....  IN 
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Starter  and  Igniter  Circuit 


Breakers .  IN 

Throttle  .  LX  DETENT 

Starter .  PHI. I,  ON,  HOLD  UNTIL 

ENGINE  IS  SELF  SUS¬ 


TAINING  AT  40-PERCENT  N 


EGT  and  N 


1 1 


MONITOR  AND  CONTROL 
WITH  TIlROTTLi:  UNTII 
OPERATING  RPM  IS  RE¬ 
ESTABLISHED 


(3)  Fuel  starvation  while  operating  in  GOV  BIER 


Throttle .  OFF 

Governor  Switch .  EMER 

Fuel  Switch .  Check  ON 

Battery  Switch .  Check  ON 


Boost  Pump  Circuit  Breakers....  Check  IN 
Starter  and  Igniter  Circuit 


Breakers .  Check  IN 

Starter .  PULL  ON  AND  HOLD 

Throttle .  OPEN  SLOWLY  WHEN 


Nj  REACHES  10  PER¬ 
CENT,  CONTROL  RATE 
OF  OPENING  TO  KEEP 
EGT  BELOW  START 
LIMITS  WHILE  MAIN¬ 
TAINING  A  SMOOTH 
INCREASE  IN  ^ 

Starter .  RELEASE  WHEN  EN¬ 

GINE  IS  SELF  SUS¬ 
TAINING,  40 -PERCENT  N 
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I'h rut  t  1  e 


t:o\Ti\m;  TO  Ol’i  N 
SLOWLY  IIN'l  1 1.  ORI.RA'I  - 
I  Mi  ROM  IS  RLACHLb. 
MONITOR  N 2  Oi.OSl.I.Y 
AS  I’OWLRFD  M.  I  OUT 
IS  Rli  - LSTABL  I SIIHI) 

TO  I’RIAT.NT  F.NGIN’F 
AND  ROTOR  OVLRSPLLb 
OR  UNDliRSPhlib .  CON¬ 
TI  Mil:  FLIGHT  IN  Till: 
MANUAL  TIIROTTLF.  CON¬ 
TROL. 


A1  RSl’hhD  CALIBRATION 

SO.  Airspeed  calibration  tests  were  conducted  to  determine  the 
position  error  of  the  standard  and  test  (boom)  airspeed  systems 
in  climb,  dive,  autorotation  and  level  flight.  The  methods  used 
to  calibrate  the  test  airspeed  system  were  a  combination  of  the 
trailing  bomb,  pacer  aircraft  and  ground  speed  course  test  tech¬ 
niques.  The  calibration  was  conducted  in  the  clean  configuration 
only,  and  the  data  are  presented  in  figures  131  and  132,  appendix  VII. 


81.  The  standard  airspeed  system  was  calibrated  using  the  trail¬ 
ing  bomb  and  pacer  aircraft  methods,  and  the  results  are  presented 
in  figure  131,  appendix  VII.  In  addition  to  the  data  gathered 
during  this  evaluation,  the  test  results  include  data  from  the 
AII-1G  Phase  B  test  reports  (refs  2,  4  and  5,  app  I).  In  those 
test  reports,  the  test  configurations  were  clean,  basic  and  out¬ 
board  alternate.  The  position  error  in  climb  and  autorotation 

was  less  than  3  knots  from  55  to  100  KIAS  and  was  acceptable.  This 
airspeed  band  includes  the  airspeeds  for  maximum  glide.  Larger 
position  errors  were  present  from  30  to  55  KIAS,  but  these  errors 
are  not  deemed  significant  since  the  helicopter  is  normally  ac¬ 
celerating  or  decelerating  through  this  airspeed  band. 

82.  The  standard  airspeed  system  calibration  for  leVel  and  diving 
flight  was  compared  to  the  position  errors  listed  in  the  operator's 
manual  (ref  19,  app  I).  This  comparison  is  presented  in  figure  II 
and  shows  essentially  the  same  position  error  from  40  to  170 

KIAS.  For  the  airspeed  ranges  from  30  to  40  KIAS  and  from  170 
to  190  KIAS,  there  is  a  difference  of  2  knots  or  less  between  the 
two  sources  of  data.  The  airspeed  position  errors  recorded  during 
this  test  are  satisfactory  for  the  aircraft's  mission  and  should 
be  incorporated  into  the  operator's  manual. 
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CONCLUSIONS 


1 1 i.r  \i 

S3.  l\  i  t ;  i  iii  tin1  scope  of  tlii:'  Lest  ,  the  All-l(i  helicopter  is  suit¬ 
able  lor  r!u  aimed  helicopter  mission  provided  the  insufficient 
directional  control  power  and  inadequate  tail  rotor  drive  system 
torque  limitations  are  corrected  (paras  17  and  I'd). 

81.  The  All-Hi  helicopter  exceeded  all  contractor  guarantees  (paras 
2.3,  Ad,  A  8 ,  -10  and  -12). 

S*.  A  directional  control  margin  of  10  percent  while  hovering 
is  the  minimum  acceptable  for  normal  operation  (para  17). 

So.  Installation  of  the  engine  inlet  screens  and  the  engine 
particle  separator  decrease  the  performance  capability  of  the 
Ml- Hi  when  maximum  power  available  is  the  limiting  parameter 
(para  24). 

87.  The  level-flight  performance  capabilities  of  the  .41 1  - 1 G  vary 
with  longitudinal  eg  location  and  improve  as  the  eg  moves  aft 
(parti  45). 

88.  Hie  degradation  of  hover  performance  capability  when  hovering 
in  adverse  crosswind  is  significant  (para  26). 

89.  The  excellent  climb  performance,  particularly  from  SI.  to 
10, 000  feet,  enhances  the  capability  of  the  All-LG  for  the  attach 
helicopter  mission  (para  31). 


nmrjbNi;  rps  ani>  shortcomings  attpct  ing  mission  accompli  si  imt.kt 

9b.  t.orrect i on  of  the  following  deficiencies  is  mandatory  for 
success tul  accomplishment  of  the  intended  mission: 

a.  Insufficient  directional  control  limits  hovering,  takeoff 
and  landing  performance  (paras  16,  25  and  26). 

b .  The  tail  rotor  drive  system  components  are  susceptible 
to  damage  due  to  the  excessive  tail  rotor  horsepower  required  for 
hovering  flight  (para  19). 
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01.  Correction  of  the  following  shortcomings  is  desirable  for 
improved  operation  and  mission  capability: 


a.  The  inability  to  achieve  maximum  tail  rotor  blade  angle 
(19  degrees)  when  full  directional  control  is  applied  for  all 
conditions  with  the  present  directional  control/yaw  SCAS  geometry 
(para  20) . 

b.  Moderate  pilot  effort  required  to  maintain  optimum  climb 
airspeeds  (para  34) . 

c.  extensive  pilot  compensation  required  to  maintain  maximum 
endurance  airspeeds  (para  44). 

d.  The  possibility  of  inadvertently  exceeding  the  main  trans¬ 
mission  torque  limit  due  to  the  torque  rise  following  a  left-lateral 
control  input  when  below  the  engine  critical  altitude  (para  71) . 


RECOMMENDATIONS 


92.  The  data  presented  in  this  report  should  he  included  in  the 
operator's  manual. 

93.  The  deficiencies  should  he  corrected  on  a  high-priority  basis 

94.  The  shortcomings  should  he  corrected  at  the  earliest  con¬ 
venience  . 


9b.  The  operational  flight  envelope  should  he  restricted  to  con¬ 
ditions  which  provide  a  10-porccnt  directional  control  margin 
(para  21a). 

96.  Initiate  action  to  increase  directional  control  margins  and 
improve  the  torque  transfer  capability  of  the  tail  rotor  drive 
system. 

97.  The  following  .items  should  be  included  in  the  A1I-1G  operator' 
manual : 

a.  A  warning  to  avoid  hovering  at  3-  to  15-foct  skid  heights 
(para  21a) . 


b.  A  description  of  the  modified  level-flight  acceleration 
takeoff  technique  (para  30)  . 

c.  An  increase  in  the  maximum  climb  airspeeds  for  night  or 
instrument  flight  operations  (para  34). 

d.  A  discussion  of  the  pilot's  increased  workload  require¬ 
ments  when  flying  at  maximum  endurance  airspeed  (para  44) . 

e.  lhe  compatible  engine  torque  limits  (include,  throughout 
the  manual)  (para  66)  . 

f.  The  revised  procedure  and  warning  notes  for  engine  re¬ 
start  during  flight  (para  79)  . 
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APPENDIX  li.  BASIC  AIRCRAFT  INFORMATION 

AND  OPERATING  LIMITS 


A1KIRAM1-: 
Rotor  System 


The  540  "door  hinge"  main  rotor  assembly  is  a  two-bladed,  semi¬ 
rigid,  underslung  feathering  axis  type  rotor.  The  assembly  con¬ 
sists  basically  of  two  all-metal  blades,  blade  grips,  yoke  exten¬ 
sions,  yoke  trunnion,  and  rotating  controls.  Control  horns  for 
cyclic  and  collective  control  input  are  mounted  on  the  trailing 
edge  of  the  blade  grip.  Trunnion  bearings  permit  rotor  flapping. 
The  blade  grip  to  yoke  extension  bearings  permit  cyclic  and  col¬ 
lective  pitch  action. 

Tail  Rotor 


The  tail  rotor  is  a  two-bladed,  delta-hinge  type  employing  pre¬ 
coning  and  underslinging.  The  blade  and  yoke  assembly  is  mounted 
to  the  tail  rotor  shaft  by  means  of  a  delta-hinge  trunnion.  Blade 
pitch  angLe  is  varied  by  movement  of  the  tail  rotor  control  pedals. 
Power  to  drive  the  tail  rotor  is  supplied  by  a  takeoff  on  the 
lower  end  of  the  main  transmission. 

Transmission  System 


The  transmission  is  mounted  forward  of  the  engine  and  coupled  to 
the  engine  by  a  short  drive  shaft.  The  transmission  is  basically 
a  reduction  gear  box  which  transmits  engine  power  at  reduced  rpm 
to  the  main  and  tail  rotors  by  means  of  a  two-stage  planetary  gear 
train.  The  transmission  incorporates  a  free-wheeling  clutch  unit 
at  the  input  drive.  This  provides  a  disconnect  from  the  engine  in 
case  of  a  power  failure  to  allow  the  aircraft  to  make  an  autorota- 
tional  landing. 

S ynchronized  hlcvat o r 


The  synchronized  elevator,  which  has  an  inverted  airfoil  section, 
is  located  near  the  aft  end  of  the  tail  boom  and  is  connected  by 
control  tubes  and  mechanical  linkage  to  the  fore  and  aft  cyclic 
control  system.  Fore  and  aft  movements  of  the  cyclic,  control 
stick  produce  a  change  in  the  synchronized  elevator  attitude. 
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Control  Systems 


A  dual  hydraulic  control  system  is  provided  for  the  cyclic  and 
collective  controls.  The  directional  controls  arc  powered  by  a 
single  servo  cylinder  which  is  operated  by  system  number  1.  The 
hydraulic  system  consists  of  two  hydraulic  pumps,  two  reservoirs, 
relief  valves,  shut-off  valves,  pressure  warning  lights,  lines, 
fittings,  and  manual,  dual  tandem,  servo  actuators  incorporating 
irreversible  valves.  Tandem  power  cylinders  incorporating  closed 
center  four-way  manual  servo  valves  and  irreversible  valves  are 
provided  in  the  lateral,  fore  and  aft  cyclic  and  collective  control 
system.  A  single  power  cylinder  incorporating  a  closed  center 
four-way  manual  servo  valve  is  provided  in  the  directional  control 
system.  The  cylinders  contain  a  straight-through  mechanical  linkage 

force  Trim 


Magnetic  brake  and  force  gradient  devices  are  incorporated  in  the 
cyclic  control  and  directional  pedal  controls.  These  devices  are 
installed  in  the  flight  control  system  between  the  cyclic  stick  and 
the  hydraulic  power  cylinders  and  between  the  directional  pedals 
and  the  hydraulic  power  cylinder.  The  force  trim  control  can  be 
turned  off  by  depressing  the  left  button  on  the  top  of  the  cyclic 
stick.  The  gradient  is  accomplished  by  springs  and  magnetic  brake 
release  assemblies  which  enable  the  pilot  to  trim  the  controls 
as  desired. 

Cyclic  Control  Stick 

The  pilot's  and  gunner's  cyclic  stick  grips  each  have  a  force  trim 
switch  and  a  SCAS  release  switch.  The  pilot's  cyclic  stick  has  a 
built-in  operating  friction.  The  cycfic  control  movements  arc  trans 
mitted  directly  to  t he  swash  plate.  The  fore  and  aft  cyclic  control 
linkage  is  routed  from  the  cyclic  stick  through  the  SCAS  actuator, 
to  the  dual  boost  hydraulic  actuator  and  then  to  the  right  horn  of 
the  fixed  swash  plate  ring.  The  lateral  cyclic  is  similarly  routed 
to  the  left  horn. 

Collective  Pitch  Control 


The  collective  pitch  control  is  located  to  the  left  of  the  pilot  and 
is  used  to  control  the  vertical  mode  of  flight.  Operating  friction 
can  be  induced  into  the  control  lever  by  hand  tightening  the  fric¬ 
tion  adjuster.  The  pilot's  and  gunner's  collective  pitch  controls 
have  a  rotating  grip-type  throttle. 


42 


Tail  Rotor  Pitch  Control  Pedals 


Tail  rotor  pitch  control  pedals  alter  the  pitch  of  the  tail  rotor 
blades  and  thereby  provide  the  means  for  directional  control.  The 
force  trim  system  is  connected  to  the  directional  controls  and  is 
operated  by  the  force  trim  switch  on  the  cyclic  control  grip. 

Stability  and  Control  Augmentation  System  (Sl!AS} 


I  he  SCAS  is  a  three-axis,  limited-authority,  rat e- referenced 
stability  augmentation  system.  It  includes  an  electrical  input 
which  augments  the  pilot's  mechanical  control  input.  This  system 
permits  separate  consideration  of  airframe  displacements  caused  by 
external  disturbances  from  displacements  caused  by  pilot  input. 

The  SCAS  is  integrated  into  the  fore,  aft,  lateral  and  directional 
flight  controls  to  improve  the  stability  and  handling  qualities  of 
the  helicopter.  The  system  consists  of  electro-hydraulic  servo 
actuators,  control  motion  transducers,  a  sensor/amplifier  unit  and 
a  control  panel.  The  servo  actuator  movements  arc  not  felt  by  the 
pilot.  The  actuators  are  limited  to  a  25-percent  authority  and  will 
center  and  lock  in  case  of  an  electrical  and/or  a  hydraulic  failure. 


PNG  INI; 


Cngine  Description 

The  T53-I.-13  engine,  rated  at  1400  slip,  is  a  successor  to  the 
T53-L-11  engine.  The  additional  power  has  been  achieved  with  no 
change  in  the  basic  T53-L-11  engine  envelope  mounting  and  connec¬ 
tion  points  and  with  a  6-perccnt  increase  in  basic  engine  weight. 

The  performance  gain  is  accomplished  thermodynamically  by  the 
mechanical  integration  of  a  modified  axial  compressor,  a  two-stage 
compressor  turbine  and  a  two-stage  power  turbine  into  the  T53-L-11 
engine  configuration. 

Replacement  of  the  first  two  compressor  stators  and  changing  of 
the  first  two  stages  of  compressor  rotor  blades  and  disks  results 
in  an  approximate  20-perccnt  increase  in  mass  air  flow  through  the 
engine.  This  is  accomplished  without  the  use  of  inlet  guide  vanes. 

An  inlet  flow  fence,  located  on  the  outer  wall  of  the  inlet  housing 
in  the  area  of  the  previously  used  inlet  guide  vanes,  provides  the 
desired  inlet  conditions  for  the  transonic  compression  during  accel¬ 
eration  at  low  speeds.  At  compressor  speeds  up  to  70  percent,  the 
fence  is  in  the  extended  position.  Above  70  percent,  the  flow  fence 


' s  retracted  into  the  enter  wall  >f  the  inlet  housing.  Similar  to 
,i  piston  ring,  the  circumference  of  the  flow  fence  is  changed  hy  the 
action  of  a  pirton  actuator  powered  by  compressor  discharge  pressure. 

I  he  spec  1  f  icat  ion  for  tins  engine  allows  the  use  of  .)!’-•!  or  .Jl’-a 
fuel  for  satisfactory  operation  throughout  tile  engine's  operating 
envelope.  during  thus  program,  . )  1 1  -  1  fuel  was  used. 

I’.ngine  Power  Control  System 

Ihe  fuel  control  for  the  T55-L-15  engine  is  a  hydro -median  ica  1  type 
of  fuel  control.  It  consists  of  the  following  main  units: 

a.  Dua  1 -e  lenient  fuel  pump. 

b.  (las  producer  speed  governor. 

c.  Power  turbine  speed  topping  governor. 

d.  Acceleration  and  deceleration  control. 

e.  fuel  shut-off  valve. 

f.  Transient  air  bleed  control. 

An  air  bleed  control  is  incorporated  within  the  fuel  control  to 
provide  for  opening  and  closing  the  compressor  interstage  air  bleed 
in  response  to  the  following  signals  present  in  the  power  control: 

a.  Gas  producer  speed. 

b.  Compressor  inlet  air  temperature. 

c.  Fuel  flow. 


The  fuel  control  is  designed  to  be  operated  either  automatically 
or  in  an  emergency  mode.  In  the  emergency  position,  fuel  flow  is 
terminated  to  the  main  metering  valve  and  is  routed  to  the  manual 
(emergency)  metering  and  dump  valve  assembly.  While  in  the  emer¬ 
gency  inode,  fuel  flow  to  the  engine  is  controlled  by  the  position 
of  the  manual  metering  valve  which  is  conectcd  directly  to  the 
power  control  (twist  grip).  During  the  emergency  operation,  there 
is  no  automatic  control  of  fuel  flow  during  acceleration  and  decel¬ 
eration;  thus,  FGT  and  engine  acceleration  must  he  pilot  monitored. 
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Three-view  drawing 


HAS  1 1  \  I  Ul  RAI  I  LM-ORMATION 


Airframe  Mata 


Overall  length  (rotor  turning) 

Overtill  uulth  (  rotor  trail  ini'.) 

Center  line  of  main  rotor  to  venter  line 
of  tail  rotor 

Center  line  of  main  rotor  to 
elevator  hinge  line 
1;  1  eva  t  o  r  ;i rea  (total) 

Hlevator  area  (both  panels) 

lil  eva  tor  airfi'il  section 

Vertical  stabilizer  area 

Vertical  sttibi  lifer  airfoil  section 

Vertical  stabilizer  aerodynamic  center 


(<37. J  inches 
17-l.n  i nclios 

320.7  inches 

IDS.  (i  inches 

13.2  square  feet 
K'.D  square  feet 
Inverted  Clark  Y 

15. 3  square  feet 
Special  camber 
IS  499.0 


Wing  area: 
lota  1 

Outboard  of  Bh  18.0  (both  sides) 
King  span 

King  airfoil  section: 

Rout 

■ip 

King  angle  of  incidence 
Main  Rotor  Data 


Number  of  blades 

Diameter 

Disc  area 

Blade  chord 

Rotor  solidity 

Blade  area  (both  blades) 

Blade  airfoil 

Linear  blade  twist 
Hub  precone  angle 

Antitorque  Rotor  Data 

Number  of  blades 
Diameter 
Disc  area 
Blade  chord 
Rotor  solidity 
Blade  airfoil 
Blade  twist 


27. S  square  feet 
18.3  square  feet 
10.33  feet 

NACA  0030 
NACA  002-1 
H  degrees 


44  feet 

1520.5  square  feet 
27  inches 
0.0651 

09  square  feet 
9.33  percent  symm 
special  section 
-0.455  deg/ft 
2.75  degrees 


8.5  feet 

S 6 .74  square  feet 
8.41  inches 
0.105 

NACA  00 1 0  mod i f i ed 
Zero  degrees 
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fransmiss ion  Drive  System  Ratios 


l.ngmc  to  mam  rotor  JO .  3.v3  :  !  .  o 

Lngine  to  anti  torque  rotor  a . POO  :  1  . o 

Lngine  to  antitorque  drive  system  1.335:1.0 

lest  A  ire  raft  Control  Displacements 

Longitudinal  cyclic  control: 

lull  forward  to  full  a t't  with  SCAS  nulled  9.07  inches 


i.ateru  1  cvc  1  i  c  cunt  rol  : 

lull  left  to  full  right  with  SCAS  nulled  10.00  inches 

Directional  (pedal)  control: 

full  left  to  full  right  with  SCAS  nulled  7.07  inches 

Collective  control: 

full  up  to  full  down  with  SCAS  nulled  0.30  inches 


OPLRATINC.  l.IMI  RATIONS 


Limit  Airspeed  (\'j  ) 


Any  configuration  with  XM159  rocket  pods:  180  KCAS  below  a  3000- 
foot  density  altitude;  decrease  8  KCAS  per  1000  feet  above  3000 
feet 


lor  this  test,  the  All-Hi  with  skid  gear  fairings  removed:  same 
as  standard  configurations  (Normal  limit  for  operational  use: 
IPO  KCAS) 

All  other  configurations:  190  KCAS  below  a  4000-foot  density 
altitude;  decrease  8  KCAS  per  1000  feet  above  4000  feet 

Cross  U’eight/Center  of  Gravity  fnvclopc 


forward  center  of  gravity  limit:  Below  7000  pounds,  fS  190.0; 
linear  increase  to  IS  192.1  at  9S00  pounds 

Aft  center  of  gravity  limit:  Below  8270  pounds,  FS  201.0;  linear 
decrease  to  FS  200  at  9500  pounds 

Sideslip  Limits 


Five  degrees  at  with  linear  increase  to  20  degrees  at  60  KCAS 
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P.i’Ti'i1  and  Lngme  Speed  I.  units  (Steady  State) 

Power  i’ll  : 

Lngine  rpm 
Koler  rpm 


(>  100  to  <>000 
a  1 4  t  o  324 


Power  of!’: 

Rut  or  rpm 

id.  tor  rpm  transient  lower  limit 

Power  oil  during  dives  and  maneuvers: 

Rotor  rpm 

Temperature  and  Pressure  Limits 

Lngine  oil  temperature 
Transmission  oil  temperature 
lag  me  oil  pressure 
Transmission  oil  pressure 
Fuel  pressure 

ITo-L-l-i  Lngine  Limits 

Normal  rated  LC.T  (maximum  continuous) 

Military  rated  lillT  (30-minute  limit) 

-Starting  and  acceleration  L.GT  (5-second  limit) 
Maximum  LGT  for  starting  and  acceleration 
Torque  pressure  limit 


294  to  33 9 
250 


314  to  324 


93  °C 
110°C 

25  to  100  psi 
30  to  70  psi 
5  to  20  psi 


<i25°C 
645°C 
<i75°C 
760°C 
50  psi 
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APPENDIX  III.  HANDLING  QUALITIES 

RATING  SCALE 
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APPENDIX  IV.  TEST  TECHNIQUES  AND  DATA 
REDUCTION  PROCEDURES 

INTRODUCTION 


Nondimensiona 1  Method 


1.  The  helicopter  performance  results  may  be  generalized  through 
use  of  nond imensional  coefficients.  The  test  results  obtained 
at  specific  test  conditions  may  be  used  to  accurately  define  per¬ 
formance  at  conditions  not  specifically  tested.  The  following  non- 
dimensional  coefficients  were  used  to  generalize  test  results  ob¬ 
tained  during  this  test  program. 


Power  Coefficient  =  Cp  = 


Thrust  Coefficient  =  C^  = 


550  SUP 
pA  (PR)3 
CiRWT 
pA  (PR)' 


Pip  Speed  Ratio  =  p 


1.689  V 
PR 


Main  Rotor  Tin  Mach  Number  =  M  .  = 

1  tip 


1.689  V. 


f  +  PR 


Instrumentation 


2.  All  instrumentation  was  calibrated  prior  to  commencing  the 
test  program.  A  detailed  tabulation  of  the  instrumentation  is 
given  in  appendix  V.  All  quantitative  data  obtained  during  this 
flight  test  program  were  derived  from  special  sensitive  instru¬ 
mentation.  Data  were  obtained  from  four  aircraft  sources  and 
two  ground  support  sources.  The  aircraft  sources  were:  oscil¬ 
lograph,  photopancl,  pilot's  panel  (hand  recorded)  and  engineer's 
panel  (hand  recorded).  The  ground  support  sources  were:  ground 
station  and  Fairchild  camera  station. 

Weight  and  Balance 


3.  A  high  degree  of  control  was  maintained  on  weight  and  balance 
of  the  test  helicopter.  Variations  in  empty  gross  weight  and  eg 
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due  to  changes  in  helicop.er  component  instrumentation  were  defined 
by  periodically  weighing  the  helicopter. 

4.  1'he  empty  weight  of  the  test  aircraft  without  instrumentation 
installed  could  not  he  determined  since  the  aircraft  was  partially 
instrumented  when  it  was  delivered  to  IISAAVN  I'A  (1ISAASTA)  at  the  begin¬ 
ning  of  the  program.  In  addition,  the  aircraft  was  not  a  production 
model  and  was  not  representative  of  a  standard  AII-KI.  The  fuel  load 
of  the  aircraft  was  defined  by  measuring  the  fuel  specific  gravity 
and  temperature  after  each  fueling,  and  by  using  an  external  sight 
gage  on  the  calibrated  fuel  cell  to  determine  fuel  volume,  fuel 
used  in  flight  was  recorded  by  a  calibrated  fuel-used  system,  and 
the  results  were  cross -checked  with  the  sight  gage  reading  follow¬ 
ing  each  flight.  Helicopter  loading  and  eg  were  controlled  by 
ballast  installed  at  various  locations  in  the  aircraft. 


ANTlTORQUh  SVSTfM  IT.RI'ORMANa: 


5.  The  performance  of  the  antiterque  rotor  system  was  defined  by 
measuring  various  parameters.  These  parameters  were  recorded  in 
hover,  translation  and  forward  flight.  When  the  helicopter  was 
stable,  the  parameters  necessary  to  define  tail  rotor  horsepower, 
tail  rotor  thrust  and  directional  control  (pedal)  position  were 
measured.  Tail  rotor  thrust  was  not  determined  for  translational 
and  level  flight  conditions. 

6.  Anti  torque  system  output  torque  was  measured  at  the  output 
shaft  of  the  l.H)-degree  tail  rotor  gear  box.  This  torque  was  used 
to  determine  tail  rotor  horsepower  by  the  following  equation: 


SIIPTR  =  TRQTR 


x  N 


TR 


12  x  33,000 


(1) 


7.  ilic  nondimensional  tail  rotor  power  coefficient  was  determined 
by  the  following  equation: 


c'i  in 
»jih  r 


PTR 


TR 
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pAtr 


TR 


rtr) 


(2) 


8.  The  tail  rotor  thrust  for  hover  was  determined  by  first  making 
several  assumptions.  The  three  following  assumptions  were  neces¬ 
sary  since  sufficient  information  about  important  parameters  was  not 
available  to  the  test  team:  ilic  first  assumed  that  all  restoring 
directional  moment  to  maintain  stabilized  hover  be  attributed  to  the 
antitorque  system.  lliis  assumption  neglected  to  consider  any 
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iw-t.M.ng  d  i  i'l-c  1 1  onu  1  mould!  t  which  could  he  derived  Irum  rotor  down- 
...i.'ii  .iiM  lcci rculat ing  air  flow  over  the  fuselage,  tail  boom  section 
ind/ ■  r  vertical  stabiliser.  The  second  assumed  that  the  total  horse¬ 
power  lo^>  ,  attributed  to  frictional  losses  (gears,  bearings,  ete.) 
and  h a rsepd.-.e r  extracted  from  main  transmission  to  drive  accessories 
(hcdruulic  pumps!,  .-.as  assumed  to  be  5  percent  of  the  engine  output 
shaft  horsepower .  This  assumption  was  necessary  to  determine  the 
horsepower  delivered  to  the  main  rotor.  The  third  assumption  was 
necessary  to  determine  the  air  density  in  the  vicinity  of  the  tail 
rotor.  this  analysis  assumed  that  the  free  air  temperature  of  the 
air  mass  flow  passing  through  the  tail  rotor  was  not  significantly 
influenced  by  che  hot  gases  being  emitted  from  the  engine. 

a.  The  horsepower  to  the  main  rotor  (MR)  was  determined  l>v  the 
f  > 1  low  i  k;>  equat  ion  : 


<m,MK  =  Slll  i:\'t.  -  S11,TR 


10.05  x  SI1P1;N(.) 


(a) 


1  * > .  The  nondi mens i onal  power  coefficient  of  the  main  rotor  was 
determined  by  the  following  equation: 


s 


S11,’.MR  * 


>50 


MR 


pA  (UR)5 


(4) 


!1.  The  thrust  from  the  tail  rotor  in  a  hover  can  be  determined 
by  the  following  equation: 


THRUST, 


I'R 


■  ™V;t 


550  alPMR 

~  7 

'MR  t 


15) 


1J,  liquation  5  was  expanded  to  obtain  the  nondimens ional  thrust 
coefficient  of  the  tail  rotor: 


IF 
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MR 


IS.  fhe  position  of  the  directional  control  was  determined  by  meas¬ 
uring  pedal  position  with  SCAS  in  the  nulled  position.  Full  left 
directional  control  application  resulted  in  the  tail  rotor  blade  angle 
of  19  degrees  for  the  test  aircraft  with  SCAS  in  the  nulled  position. 

1  he  tot  ti  directional  control  (pedal)  displacement  (full  left  to  full 
right)  resulted  in  a  30. 0-degree  change  in  tail  rotor  blade  angle. 
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11.  !  he  nondimens  i  oi.a  1  tail  rotor  performance  and  directional 

control  position  were  used  to  determine  tail  rotor  horsepower  and 
directional  control  margins  as  a  function  of  skid  height.  All  anti 
torque  data  were  obtained  s i mul tancous 1\  with  hover,  translational 
and  forward  flight  tests. 


ItOVHK 

15.  lo  define  hover  performance,  both  the  tethered  and  free -flight 
techniques  were  used.  During  tethered  hovering,  a  helicopter  cargo 
hook  was  secured  to  the  bottom  of  the  main  transmission  by  a  cable. 

An  intermediate  cable  was  then  attached  to  a  cable  anchored  to  the 
ground.  flic  length  of  this  cable  was  varied  to  achieve  the  desired 
skid  height.  A  load  cell  was  installed  between  the  helicopter  and 
tiie  ground  to  measure  cable  tension.  Increasing  cable  tension  had 
the  same  effect  on  hovering  performance  as  increasing  gross  weight. 
Wien  power  required  and  cable  tension  were  stabilized,  the  parameters 
necessary  to  define  gross  weight,  cable  tension  shaft  horsepower 

and  ambient  air  conditions  were  recorded.  During  free-flight  hover¬ 
ing  tests,  the  helicopter  was  stabilized  at  a  skid  height  of  100 
feet  (Oiib.i.  Wien  the  helicopter  was  stable,  the  parameters  to  de¬ 
fine  gross  weight,  shaft  horsepower  and  ambient  air  conditions  were 
recorded.  'Hu  free- flight  hovering  technique  was  used  only  at  a 
skid  heighc  of  100  leet  to  provide  a  cross-check  of  tethered  hover¬ 
ing  technique.  Hie  clean  configuration  vas  used  to  gather  a  ma¬ 
jority  of  the  hovering  data.  A  limited  amount  of  hover  data  were 
gathered  in  the  heavy  hog  configuration  to  determine  the  effects 
of  wing  stores  armament  on  hovering  data.  All  hovering  performance 
tests  were  conducted  in  winds  of  less  than  2  knots. 

16.  Hovering  data  collected  in  terms  of  gross  weight,  shaft  horse¬ 
power  and  ambient  air  conditions  were  converted  to  define  the  re¬ 
lationship  between  the  nondimens ional  Cy  and  C’  .  This  relation¬ 
ship  was  unique  for  each  skid  height.  Summary  hovering  perform¬ 
ance  was  calculated  from  nondimens ional  hovering  curves  bv  dimen¬ 
sional  izing  the  curves  at  selected  ambient  conditions. 

17.  The  wind  i imitation  envelope  during  hover  and  translational 
flight  .. a'--  determined  by  conducting  tests  at  various  combinations 
of  azunuth  and  airspeed.  Wien  the  aircraft  was  reasonably  sta¬ 
bilized  in  translational  flight,  parameters  necessary  to  deter¬ 
mine  gross  weight,  ambient  air  conditions,  azimuth,  airspeed  and 
directional  control  (pedal)  with  Sf AS  in  the  nulled  position  were 
recorded.  A  ground  vehicle  with  a  calibrated  speedometer  was  used 
as  a  pacer  to  determine  true  airspeed  for  each  stabilized  condi¬ 
tion.  Ambient  wind  velocity  and  direction  wore  incorporated  into 


the  analysis  when  determining  the  exact  speed  and  direction  of  the 
aircraft  when  translating  across  the  ground.  Tests  were  conducted 
when  wind  velocities  were  less  than  4  knots.  The  results  of  each 
individual  test  are  presented  in  reference  15,  appendix  I,  and  are 
summarized  in  this  report  in  nondimcnsional  and  engineering  unit 
forms . 


TAKliOi-F 

18.  Takeoff  performance  was  defined  by  measuring  the  horizontal 
distance  required  to  takeoff  and  clear  an  obstacle  50  feet  high 

as  a  function  of  airspeed.  This  distance  was  primarily  a  function 
of  airspeed  and  the  magnitude  of  engine  power  available  above  that 
required  to  hover  at  a  reference  skid  height.  'Die  reference  skid 
height  used  during  this  test  program  was  3  feet.  This  takeoff 
performance,  expressed  in  nondimcnsional  terms,  is  shown  in  the 
following  equation: 

ACp  =  Cp  available  at  test  conditions  (7) 

-  Cp  required  to  hover  at  a  3-foot  skid  height 

19.  A  series  of  takeoffs  was  conducted  at  a  single  ACp  throughout 
an  airspeed  of  range.  This  series  defined  the  variation  in  take¬ 
off  distance  versus  airspeed  for  a  single  ACp.  Day-to-day  tempera¬ 
ture  variation  permitted  testing  through  a  range  of  ACp  by  changing 
only  gross  weight  and  pressure  altitude.  Curves  of  distance  re¬ 
quired  to  clear  a  50-foot  obstacle  versus  airspeed  at  various  values 
of  ACp  were  carpet -plotted.  This  carpet-plot  defined  takeoff  per¬ 
formance  throughout  a  wide  range  of  gross  weights,  pressure  alti¬ 
tudes,  ambient  temperatures  and  airspeeds.  All  tests  were  conducted 
with  winds  of  less  than  4  knots.  A  Fairchild  flight  analyzer  was 
used  to  determine  horizontal  and  vertical  distances  and  true  air¬ 
speeds  . 


CLIMB 

20.  Continuous-climb  performance  tests  were  conducted  by  estab¬ 
lishing  engine  power  (1100  slip)  at  a  transmission  input  torque  limit 
below  critical  engine  altitude  and  military  power  above  the  criti¬ 
cal  altitude.  The  airspeed  schedule  used  during  all  climb  tests 
was  derived  from  the  level-flight  performance  data.  All  climbs  were 
flown  at  an  airspeed  which  produced  the  maximum  engine  power  dif- 
erential  between  engine  power  required  for  level  flight  and  engine 
power  available.  All  climbs  except  the  climb  for  contract  guarantee 
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compliance  check  were  flown  from  near  SL  to  service  ceiling.  The 
climb  to  check  contract  guarantee  compliance  was  flown  from  near  Si. 
to  an  approximate  9000-foot  lip.  Climbs  were  conducted  at  two  gross 
weights  in  both  the  clean  and  heavy  hog  configuration.  Additional 
climbs  were  flown  in  these  two  configurations  from  near  SI.  to  a 
10,000-foot  Up  to  determine  the  climb  power  coefficient  (Kp)  and  the 
climb  gross  weight  coefficient  (Kw) . 


21.  Climb  tests  were  conducted  on  nonstandard  days;  therefore,  sev¬ 
eral  corrections  were  necessary  to  define  standard  day  climb  per¬ 
formance.  The  observed  rate  of  change  in  pressure  altitude  was 
converted  to  tapeline  rate  of  climb  by  the  expression: 


k/C 


tapeline 


dhp/dt  (Tt/Tstd) 


W 


22.  At  the  test  density  altitude,  the  variation  in  rate  of  climb 
for  nonstandard  power  available  was  calculated  by  the  expression: 


(SUP  -  S!1P  )  (33,000) 

AR/C  =  k  - STU  -■,■■■■ - 

power  p  GRW 1 ^ 


(9) 


23.  lbc  variation  in  rate  of  climb  for  nonstandard  gross  weight 
was  calculated  by  the  expression: 


SUP  x  33,000  (GRWT  -  GRNT  1 
s  *  t  s 

/lR/('weight  =  Kw  GRNT,.  GRNT 


(10) 


24.  The  standard  day  rate  of  climb  was  then  calculated: 


“Otd  =  R/Ct 


Alt/C 


power 


+  AR/C 


weight 


(H) 


LEVEL  FLIGHT 


25.  I.evel  flight  performance  was  defined  by  measuring  the  shaft 
horsepower  required  to  maintain  level  flight  throughout  the  air¬ 
speed  range  of  the  helicopter.  A  constant  C-p  was  maintained  by 
increasing  altitude  as  fuel  was  consumed.  A  broad  range  of  Op 1 s 
was  flown  for  eight  different  wing  store  configurations  at  a  for¬ 
ward  eg  and  with  the  landing  gear  cross-tube  fairings  removed.  The 
results  of  the  level-flight  tests  were  converted  to  nondimensiona 1 
form  and  carpct-plottcd  as  Cp  versus  Cj  with  lines  of  constant  tip- 
speed  ratio.  This  carpet-plot  defined  the  level  flight  performance 
for  all  gross  weights,  density  altitudes  and  airspeeds  throughout 


55 


tlic  range  of  l  j's  tested  for  each  aircraft  configuration. 

26.  Specific  range  performance  was  calculated  from  the  relation 
ship  of  the  true  airspeed  at  any  power  setting  t  >  the  engine  fuel 
flow  at  that  power  setting.  lor  any  given  gross  weight  and  stand 
arl  day  ambient  condition.-.,  the  following  would  apnl,; 

t rue  airspeed  nautical  air  miles  ,  ,, 

ape ci  I  j  c  Range  =  — — = — pr1 -  --  !1_  ) 

1  fuel  flow  per  pound  ot  iuel 

.17.  fuel  flow  at  any  power  setting  and  standard  day  atmospher.c 
conditions  was  derived  from  engine  model  specification  104.33  ror 
the  ? T> .3 - L- 1 3  engine  (ref  18,  app  1).  All  faired,  level-flight  infor¬ 
mation  based  on  fuel-flow  data  from  reference  18,  appendix  I,  include 
3  percent  conservatism  per  MI  I .  - C - 5  0 1 1 A  (ref  21). 

28.  Increase  in  equivalent  fiat  plate  area  for  various  wing  store 
and  aircraft  configurations  was  calculated  by  the  following  equa- 
t  i  on  : 


2  AC  A  (‘dR)3  2  AC  A 

Af  -  - - - ?  =  - —  03) 

(V  x  1 .089)  u 

29.  This  method  for  evaluating  equivalent  flat  plate  area  was 
valid  only  for  airspeeds  above  90  KTAS. 

Autorotat ion 


30.  Auto  rotational  descent  performance  data  were  acquired  during 
sawtooth  autorotations  .  Variation  in  rate  of  descent  with  airspeed 
was  defined  by  stabilizing  at  a  constant  airspeed  with  a  rotor 
speed  of  324  rpm  and  measuring  rate  of  descent.  To  determine  the 
effect  of  rotor  speed  on  rate  of  descent,  airspeed  was  stabilized 
and  rotor  speed  was  varied.  The  observed  rate  of  descent  was  cor¬ 
rected  to  tape  line  rate  of  descent  by  the  expression: 

R/ IT  .  ■  =  (dlip/dt)  (T  /T  .  ,)  (14) 

tapeline  1  t  std 

Power  Determination 


31.  flic  engine  torquemeter  is  essentially  a  piston  (restrained  by 
oil);  the  pressure  of  which  is  proportional  to  the  power  output  of 
the  engine.  The  equation  for  determining  the  test  slip  as  obtained 
from  engine  manufacturer  test  cell  calibration  curves  is  developed 
as  outlined  in  paragraphs  32  through  36. 
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32.  Hu  i;urs<.-poiicr  transmit  tod  In  a  rotating  sha ft  may  be  expressed 
i  n  th-  fu 1  low  i  ng  naniier . 


si ir  =  — — - >:  \  x  iuo 

1_  X  .5j,n,us  I. 


n:>) 


S3 .  Ihe  calibration,  of  the  engine's  torquuneter  syst<  for  engine 
S/\  i.i  1  iDOl  indicated  that  engine  shaft  output  torque  ..as  slightly 
nonlinear  a-'  a  function  of  indicated  torque  pressure.  Ill i s  non¬ 
linear  relati  ns!  ■■  for  engine  S/N  11.14001  is  graphically  presented 
1  t'i  cure  I.  the  calibration  range  for  engine  S/N  1. 1:14008  was  not 
uiiiciitii  to  provide  a  valj  1  means  of  determining  engine  output 
torque  as  a  function  of  engine  output  torque  pressure  since  the  en¬ 
tire  operating  range  was  not  covered.  However,  the  limited  amount 
of  information  available  on  this  engine’s  torque  measuring  system 
is  presented  in  figure  IT.  These  plots  were  used  to  obtain  engine 
output  torque. 

34 .  Ihe  rotor  speed  can  he  determined  from  engine  output  shaft 
sj  'cd  a  loll o\\ s  : 


N 


K 


20.383 


(lb) 


33.  substituting  equation  lb  into  equation  15,  a  convenient  equa¬ 
tion  for  determining  output  shaft  horsepower  can  be  developed: 


SIIP 


2tt  x  20.383  x  TRQ  x  NR 
12  x  33,000 


3.234  x  10"4  x  TRQ  x  N 


(17) 


3b.  This  equation  was  used  during  the  program  to  determine  the 
shaft,  horsepower  for  each  test  condition. 


PNG I NR  CHARACTERISTICS 


Engine  "deep"  Control  Characteristics 

37.  Hie  engine  "beep"  control  characteristics  were  defined  both 
with  a  loaded  and  unloaded  main  rotor  system.  The  engine  "beep" 
control  characteristics  were  defined  by  stabilizing  at  a  rotor 
speed  of  324  rpm  while  in  level  flight  and  on  the  ground.  'Hie  en¬ 
gine  "beep"  control  was  then  actuated  for  a  specified  time.  A 
continuous  record  was  made  of  engine  and  rotor  speed  response  dur¬ 
ing  the  maneuver.  This  process  was  repeated  until  the  entire 
speed-range  authority  of  the  "beep"  control  was  determined. 


57 


EWCUUE  OUTPUT  TORQUE  -TRQ  ~  I  Vi.  LB 


Figure  Uo.  I 

CUGIUE  CHARACTERISTICS 
T5  3-  L- 13  *Ai  LE  14001 


MOTE©:  t.  DASHED  HUE  OAT  At  MED  FROM  LYCOMI UQ  T5S-  L-  13 
EUOl  me  MODEL  SPECIFIC  AT  IOW  U0.I04-.3S 

2.  POI  UTS  ENCLOSED  WITH  CIRCLES  (O  A  OBTAlUEO 
FROM  EUGIUE  MANUFACTURE'S  CAUBRATIOU  TEST 
COW  DUCTED  OKI  22  AUGUST  fRGT. 

J.POIUTS  EMC  LOSE  D  WITH  SQUARES(D  )  OBTAtUED 
FROM  EJJGIUR  MANUFACTURES  CAU  BRAT  I  ON  TEST 
CONDUCTED  OKJ  TAPRILiqftq. 


ENGINE  OUTPUT  TORQUE  PRESSURE-  P ~IU./H^ 
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ELMGIKJtL  OUTPUT  TORQUE.  -  T  RQ  ~IM.  LB 
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38.  Test  shaft  horsepower  and  measured  values  of  fuel  flow,  gas 
producer  speed  and  exhaust  gas  temperature  were  corrected  to  stand¬ 
ard  day,  SL  atmospheric  conditions.  The  engine  characteristics 
are  defined  by  the  following  equations: 


1  SHP 

-  versus 


5  v/0 

t  t 
2  2 


f  SHP 

-  versus  - 


6  yr- 

2  Z2 


6t  ^ 
2  2 


SFC  versus  - 


SHP 


6t 

2  2 


EGT  SHP 

-  versus  - 


8t  6t  ^T 

z  z2  Z2 


Wf  N1 

-  versus 


6  ye 

t  t 
2  2 


vC" 


Airspeed  Calibration 


(18) 


(19) 


(20) 


(21) 


(22) 


39.  The  test  airspeed  indicator  system  (boom)  and  standard  airspeed 
system  were  calibrated  by  comparing  readings  to  a  known  reference. 

A  calibrated  trailing  bomb  was  suspended  from  the  helicopter  with 
a  cable  approximately  50  feet  in  length  to  avoid  proximity  effect. 
The  aircraft  was  then  stabilized  at  various  airspeeds  in  level 
flight,  climb  and  autorotation.  By  comparing  the  airspeed  cor¬ 
rected  for  instrument  errors  of  both  systems  to  the  bomb  system, 
the  error  was  defined. 


40.  The  test  boom  airspeed  indicator  system  was  calibrated  at 
higher  airspeeds,  both  in  level  flight  and  dive  using  a  T-28  pacer 
aircraft.  The  test  and  pacer  aircraft  were  stabilized  at  the  same 


airspeed,  and  data  were  recorded  in  each  aircraft  simultaneously. 

The  calibrated  airspeed  was  computed  from  the  known  position  error 
of  the  pacer  aircraft. 

41.  The  test  boom  airspeed  indicator  system  was  calibrated  in  level 
flight  over  a  measured  ground  course.  Two  passes  were  flown  on  re¬ 
ciprocal  headings  at  each  airspeed  to  average  wind  effects .  This 
method  provided  a  cross-check  on  the  trailing  bomb  method  described 
in  paragraph  39 . 

42.  The  test  boom  airspeed  sy.'.tem  consisted  of  a  boom  with  a  non- 
swiveling  pitot -static  head  mounted  just  aft  and  below  the  nose  of 
the  aircraft.  This  pitot-static  system  was  connected  to  the  sensi¬ 
tive  airspeed  and  altimeter  indicators  on  the  instrument  panels. 

This  system  was  used  in  place  of  the  standard  pitot-static  system 
since  the  standard  system  was  not  accurate  when  both  systems  were 
installed  on  the  aircraft. 


61 


APPENDIX  V.  TEST  INSTRUMENTATION 


Flight  test  instrumentation  was  installed  in  the  test  helicopter 
prior  to  the  start  of  this  evaluation.  This  instrumentation  pro¬ 
vided  data  from  four  sources:  pilot's  panel,  copilot/gunner's 
panel,  photopanel,  and  a  24-channel  oscillograph  (see  photos). 

All  instrumentation  was  calibrated.  The  flight  test  instrumenta¬ 
tion  was  installed  and  maintained  by  USAASTA.  The  following  test 
parameters  were  presented. 

PILOT'S  PANEL 


Standard  system  airspeed 

Boom  system  airspeed 

Boom  system  altitude 

Rate  of  climb 

Gas  producer  speed 

Torque  pressure  (standard  system) 

Exhaust  gas  temperature 

Longitudinal  control  position 

Lateral  control  position 

Pedal  control  position 

Collective  control  position 

Center  of  gravity  (normal  acceleration) 

Angle  of  sideslip 


Photo  1.  Pilot's  Panel. 
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eni;  infer  ranee 


Boom  system  airspeed 
Boom  sys t  cm  alt  it  title 
Out  s  i  tie  a  i  r  t  empe  ra  t  u i  e 
Rotor  speed 
Otis  producer  speed 
Fuel  used  (total) 

Torque  pressure  (high) 

Torque  pressure  (low) 

Exhaust  gas  temperature 
Oscillograph  correlation  counter 
Photopanel  correhition  counter 
Fuel  temperature 
Engine  fuel  flow 


Photo  2.  Copilot/Engineer's  Panel. 
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PHOTOPANEL 


Boom  system  airspeed 
Standard  system  airspeed 
Boom  system  altimeter 
Rotor  speed 
Gas  producer  speed 
Fuel  used  total 
Torque  pressure  (high) 

Torque  pressure  (low) 

Exhaust  gas  temperature 
Compressor  inlet  temperature 
Compressor  inlet  total  pressure 
Inlet  guide  vane  position 
Bleed  band  position  (light) 

Fuel  pressure  at  nozzle 
Time  (10-second  stopwatch) 
Oscillograph  correlation  counter 
Photopanel  correlation  counter 
Engineer's  event 
Pilot's  event 


Photo  3,  Photopanel. 
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OSCILLOGRAPH 


Longitudinal  control  position 

Lateral  control  position 

Directional  control  position 

Collective  control  position 

Pitch  attitude 

Roll  attitude 

Yaw  attitude 

Pitch  rate 

Roll  rate 

Yaw  rate 

CG  (normal  acceleration) 

Angle  of  sideslip 
Angle  of  attack 
Engineer's  event 
Pilot's  event 


Photopanel  correlation  blip 

Linear  rotor  speed 

Gas  producer  speed 

Inlet  guide  vane  position 

Bleed  band  position 

Fuel  pressure  at  the  nozzle 

Tail  rotor  torque 


Photo  4.  24-Channel  Oscillograph. 
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APPENDIX  VI.  CONTRACT  GUARANTEES 


1.  A  summary  of  the  AH-1G  helicopter  contract  guarantees  and  the 
results  of  the  tests  to  determine  compliance  with  these  guarantees 
is  shorn  in  table  A*  The  calculations  to  determine  operating 
radius  and  endurance  guarantees  are  included  in  tables  B  and  C. 

2.  The  aircraft  shall  be  capable  of  the  following  performance 
under  International  Civil  Aviation  Organization  (ICAO)  standard 
air  conditions  (unless  otherwise  specified)  at  a  gross  weight 
of  8000  pounds.  The  installed  armament  shall  be  the  XM28  turret 
and  two  LAU-3/A  (XM159)  19  round  rocket  pods.  Performance  is 
predicated  on  the  XM28  turret  having  the  same  aerodynamic  drag 
as  the  TAT-102A  turret.  Engine  fuel  flow  is  based  on  engine 
Model  Specification  No.  104.33,  for  the  Shaft  Turbine  Engine, 

Model  T53-L-13,  Lycoming  Division  of  Avco  Corporation,  30  September 
1964,  revised  30  July  1965  and  6  May  1966  using  JP-4  fuel.  All 
performance  items  were  determined  without  the  government  furnished 
aircraft  equipment  (GFAE)  particle  separator  or  foreign  object 
damage  screen  installed. 
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Table  A.  A1I-1G  Performance  Guarantees 


Performance  Conditions 

Units 

Guaranteed 

Test  Results 

Forward  CG 

Aft  CG 

Speed  at  SL  (6600  rpm) 

(1100  shp)  . 

Knots 

144.0 

140.0 

153.0 

Maximum  endurance  at  SL 
with  1600  pounds  of  fuel. 
Fuel  includes  a  10-percent 
reserve  plus  warm-up  and 
takeoff  allowance.  Does 
not  include  a  S-percent 
increase  in  engine  speci¬ 
fication  sfc  (6600  rpm) . 

Hours 

3.0 

3.03 

3.08 

Operating  radius  at  cruis¬ 
ing  speed  at  SL  with  1600p 
pounds  of  fuel.  Fuel  in¬ 
cludes  a  10-percent  re¬ 
serve  plus  warm-up  and 
takeoff  allowance.  Does 
not  include  a  5-percent 
increase  in  engine  speci¬ 
fication  sfc  (6600  rpm) . 

NM 

148.0 

149.6 

166.0 

Best  R/C  at  1100  slip 
limit  at  SL  (6600  rpm) . 

fpm 

1800 

1835 

1900 

Hover  ceiling  OGE 
(6600  rpm)  with  95 °F 

OAT  (MRP). 

Feet 

2000 

3390 

3390 

Vertical  R/C  1100  shp 
limit  at  SL  (6600  rpm) . 

fpm 

500 

Not 

Tested 

Not 

Tested 
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Table  B.  Range  Performance  Contract  Guarantee  Analysis. 


Configuration:  outboard  alternate 
Standard  day 

Altitude:  sea  level 

Rotor  speed:  324  rpm 

Rocket  pod  fairings  removed 

Condition 

Ai rcra  f t 
Cross  Weight 
(lb) 

Fuel 

(lb) 

Engine  start  conditions 

8000 

1600 

Initial  condition  after  fuel  required 
for  warm-up  and  takeoff  has  been  con¬ 
sumed  (assumed  to  be  25  pounds) 

7975 

1575 

Final  condition  with  a  10-percent 
fuel  reserve 

6560 

160 

FORWARD  CG 

Engine  fuel  flow  values  do  not  include  a  5-percent  increase  in 
engine  specification  fuel  flow. 

Engine  fuel  flow  for  initial  condition  at  maximum  NAMPP:  598.5  lb/hr 
Cruise  airspeed  for  initial  condition  at  maximum  NAMPP:  124.5  NM/hr 
Engine  fuel  flow  for  final  condition  at  maximum  NAMPP:  583.5  lb/hr 
Cruise  airspeed  for  final  condition  at  maximum  NAMPP:  125.5  NM/hr 

Average  fuel  flow:  - - - =  591  lb/hr 

Average  crujse  airspeed:  - 2 -  =  125  NM/hr 

Usable  fuel:  1415  pounds 
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Distance  traveled:  1415  lb  x  — — rj5-71 - x  125  NM/hr  =  299.3  NM 

j'j  1  lb/  lir 

?99  3 

Operating  radius:  - - —  =  149. 6  NM 

AFT  CG 

Fuel-flow  values  do  not  include  a  5-perccnt  increase  in  engine 
specification  fuel  flow. 

Engine  fuel  flow  for  initial  condition  at  maximum  NAMPP:  588  lb/hr 
Cruise  airspeed  for  initial  condition  at  maximum  NAMPP:  135  NM/hr 
Engine  fuel  flow  for  final  condition  at  maximum  NAMPP:  567  lb/hr 
Cruise  airspeed  for  final  condition  at  maximum  NAMPP:  136  NM/hr 

Average  fuel  flow:  ~588  8-7--  =  577.5  lb/hr 

Average  cruise  airspeed:  185  *  138  -  135.5  NM/hr 

Usable  fuel:  1415  pounds 

Distance  traveled:  1415  lb  x  « -  x  135.5  NM/hr  =  332.0  NM 

577.5  Ib/hr 

332  0 

Operating  radius:  - j1 —  =  166.0  NM 
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Table  C.  Endurance  Performance  Contract  Guarantee  Analysis. 


Configuration:  outboard  alternate  Rotor  speed:  324  rpm 
Standard  day  Rocket  pod  fairings  removed 

Altitude:  sea  level 


Condition 

Aircraft 

Gross  Weight  (lb) 

Fuel  Load 
(lb) 

Engine  start  condition 

8000 

1600 

Initial  condition  after  fuel 
required  for  takeoff  has  been 
consumed  (assumed  to  be  25 
pounds) 

7975 

1575 

Final  condition  with  a  10- 
percent  fuel  reserve 

6560 

160 

FORWARD  CG 


Engine  fuel  flow  valves  do  not  include  a  S-percent  increase  in  engine 
specification  fuel  flow. 

Engine  fuel  flow  for  initial  condition  at  minimum  shp:  478.5  lb/hr 
Engine  fuel  flow  for  final  condition  at  minimum  shp:  456  lb/hr 

Average  fuel  flow:  ~~~~  =  467.3  lb /hr 


Usable  fuel:  1415  pounds 

Endurance  time:  ^67^3 ~ lb /hr  =  3-03  hr 


AFT  CG 


Engine  fuel  flow  valves  do  not  include  a  5-percent  increase  in  engine 
specification  fuel  flow. 

Engine  fuel  flow  for  initial  condition  at  minimum  shp:  468  lb/hr 
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Engine  fuel  flow  for  final  condition  at  minimum  shp:  450  lb/hr 

-  ,  468  +  450  .cr.  1U  ,, 

Average  fuel  flow:  - 2 - =  459  lb/hr 


Usable  fuel:  1415  lb 

1415  lb 


Endurance  time: 


459 


3.08  hr 


APPENDIX  VII. TEST  DATA 


Subject  figure  Number 


Directional  control  margin 

1 

None! i mens  ional  tail  rotor  performance 

2 

through 

7 

Anti torque  drive  system  h.  rsepower  in  a  hover 

8 

tit  rough 

10 

Nondimcns ional  tail  rotor  performance 

11 

and 

12 

OGL  hover  performance 

13 

and 

14 

i G b  hover  performance 

15 

and 

16 

Nondimcns ional  hover  performance 

17 

th rough 

19 

Hover  in  critical  crosswinds 

20 

through 

25 

Takeoff  performance 

26 

through 

31 

Climb  performance 

32 

through 

36 

Level  flight  performance 

37 

through 

104 

Compressibility  effects  on  level  flight  performance 

105 

Specific  range  and  endurance  summaries 

106 

tli  rough 

109 

Aut  orot  at  i  o n al  ucs ceil t  s 

110 

and 

111 

Landing  performance 

112 

i.ngine  inlet  characteristics 

113 

Lngine  characteristics 

114 

througn 

130 

Airspeed  calibration 

131 

and 

132 
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Figure  Wo.  Z 

Wow  Oi  mekisioh^lTail Rotor  Performance 


TAIL  ROTOR  THRUST  C-f  —  MO*.  THRUSTtr  %  XO*- 
COEFFICIENT  -  ™  .  c^JKTf 

T*  TR  TR . 


r  b 
i  u 

i 


b 


r  * 


i' 


Fi  cuRp.  Uo.  3 

)i  yiEusiouALTfttL  Rotor  Performamoe  j 

TS3-t- <31  %LE 14001 
SVMROL  ROTOR  SPEED 
!  RPM 

■  •  a  i  •  •  •  324-  •  j 

■  □  314*  .  .  i 

MOTES'-  1.  TETHERED  HOVERIUG  TECHMtQOC  USED  TO 
OBTAIU  DATA 

Z  OPEN  SVMBOLS  DEMOTE  CVJEAM  COMFIGURATtON 

3.  SOLID  SVMBOLS  DEMOTE  HOG  COUflGURATlON 

4.  W1MD  LESSTHAM  EKMOTS 

5.  TOTAL:  D1RECTIOMAL  CONTROL  DISPLACEMENT  (S 
TOT  mq<ES  FROM  FULL  LEFT 

<*.  SKID  HEIGHT  *  3  FEET 


lO  PERCENT  FROM  FULL  LEFT- 
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MWW  ROTOR  THRUST  COEf?lCi£UT-CT.„  „  *  IO*  =  GR.WT  MO*  DIRECTIONAL 

/)A(AR)‘  CONTROL  POSH 


2 
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J 

J 

D 

u. 


at  $  k 

s£|s 

■»  rfiJ 
(J 
i 


4* 

3 

2 

I 

0 


flCURE  Mo  4* 

NJOM  £>t  MEN  SIQKJALTAIL RoTQR  PERFORMANCE 

AH-IG  USA  S/*»GI  5  24-7 

TS3-  L-l  3-  5»i«LEt400t 

Svwaoc  ROTOR  SPEED 
~RPM 

0  334 

a  314- 

WOTES  lTETHlERED  HOVERING  TECHNIQUE  USED  TO 
OBTAIN  DATA 

20PEKJ  SYMBOLS  DENOTE  CLEAN  CONFIGURATION 
3. SOLID  SYMBOLS  DENOTE  HOC*  CONFIGURATION 

4.  WIND  LESS  THAN  2  KNOTS 

5.  TOTAL  DIRECTIONAL  COUTROL  DISPLACEMENT 
IS  T  OT  INCHES  FROM  FULL  LEFT 

«».  SKID  HEIGHT  *  IO FEET 


40  SO  60  TO  tfo  90  IOO  IIO 

TAIL  ROTOR THWU ST  Cr  XIO*.  THRUSTt(j  MO4 

COEFFICIENT  -  T™  ' 


11 


F t  CURE  klo  5 

KJoki  DtMEKisiOKifttTfttL  Rotor  Performance 
AH- 1  C*  USA  ^Gl  52.4T 
TS  3- L-13^*LE  14-001 

SVMBOL  ROTOR  SPEED 
—  RPM 

O  324 

□  314- 

WOTES'. TETHERED  HOVE Rl MG  TECHNIQUE  USED  TO 
OBTMki  DATA 


2. OPEN  5VMBOLS  DEMOTE  GLEAM  COM  FIGURATION 


3.  SOL\D  SYMBOLS  DEMOTE  HOG  COMF1  GL)  RAT  I  ON 

4.  WIND  UE.S5  TH AM  2K.NOTS 

S  TOTAL  DIRECTIONAL  CONTROL  DISPLACEMENT 
IS  TOT  INCHES  PROM  PULL  LEFT 


60  70  SO  40  10©  HO  IZO  130 

TAIL  ROTOR  THRUST  Ct  MO4',  THROSTra  *104 

COEFFICIENT  -  TR  - —  ~ 

/>A  (iTR.) 
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MAIM  ROTOR  THRUST  CT  *  \C>\  G»«  IHT  *.10*"  Dl  RECTIO  KlftL 

COEFFICIENT-  TR  /OAC-O.R?  CONIT  ROL  F>OSITION 

■fD.R 

INCHES  FROH  FULL 


4 

3 

t 

3  2 

l 

o 


Fl  CURL  Kio  (o 

MOKlDlNeNGVONALTAlLRoTOR  P £ftf  ORM AMCg. 
AH-IG  USA  3fc6l524.“r 
T5 3  - L* » S  a/w  LE 14001 

SYMBOL  ROTOR  SPEED 

,-n.RPM 


0  S24- 

□  314- 

MOTES:  I.TETHERED  HOVERING  TECHNIQUE  USED  TO 
OBTAIN  DATA 

2.0PEU  SYMBOLS  DENOTE  CLEAN  CONFIGURATION 
3.  SOLID  SYMBOLS  DEMOTE  HOG  CONFIGURATION 
A.  WIND  LESS  THAN  2 KNOTS 

5.  TOTAL  DIRECTIONAL  CONTROL  DISPLACEMENT; 
IS  T  OT  INCHES  FROM  FULL  LEFT 

6.  SKID  HEIGHT  *  30FEET 


IO  PERCENT  FROM  FULL  LEFT 


id 


5i 


52 


48 


44 


Ac 


it. 


60 


TO 


80 


qo 


too 


no 


120 


130 


TAIL  ROTOR  THRUST  Ct  %1043  TH  RUST^b  *  \0* 
COEFFICIENT  -  'TR  ~ ~ ~ -L 
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Figure  VJo  7 

ou  Di  men  sional  Tail  Rotor  Performance 
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Figure  Wo  i O 

A  KIT  I  TORQUE  DR'VC  SYSTEM  HORSEPOWER  IKJ^  HOVER 
AH -l  G  USAVM&I5247 


DENSITY  ALTITUDE*  IOOOOFT. 

MOTES:  (.TOTAL  DIRECTIONAL  CONTROL  DISPLACEMENT  15  7  01  INCHES 

2.  FULL  LEFT  Dl  RECTIONAL  CONTROL  MR'TAI  L  ROTOR  PITCH 

3.  WIND  LESS  THAN  2.KNOTS 
4  STANDARD  DAT 

5.  MAIN  ROTOR  SPEED  =  324  RPM 
CURVE  DERIVED  FROM  FIGURES  II  $  I  2  APP  VTT 


50  IOO  150  200  250 

ANTITORQUE  DRIVE  SV8TENI  HORSEPOWER- HPTR*~  HP 


Figure  KJo.  1 1 

kiOKi  Rotor  Pervormaucs 

AH-IG  USA  5/viC.tb?-4-7 
T5  3-  L-  I  3% LEI -QOOl 


SYM90L  ROTOR  SPEED 
~  RPW\ 

O  5  24- 

□  3  14- 


UOT68:  I.TA1L.  ROTOR  TORQUE  MEASURED  AT  HO"  G.EAR  80% 
OUTPUT  SHAFT 

2.  FULL  UEKT  D!  RECTlOMAL  CONTROL  MH'TAU.  WOT  Oft  PITCH 
S.MlKiO  LE5S  THAU  2K.M0TS 


TAIL  ROTOR  THRUST  CT  X  tO'V- 
COEFFlC'.  EUT  -  Tf 


THRU  STjjj  X  <  O* 


r- 


F ICURt  Vlo.  1  3 

OGE  Hovering  Performance 

AH-IG  USA 

ENGINE  PARTICLE  SEPARATOR  NOT  INSTALLED 

CONTRACT  GUARANTEE  CQWIPU RNCECHEC.S 

NOTES:  I  MAtlMUM  POWER  AVAILABLE  BASED  ON  REFERENCE 
UO.  1 1  APPX 

2.  AMBIENT  TEMPERATURE  *  35*C 

3.  WIND  LESS  THAN  2  KNOTS 

4.  ROTOR  SPEED  a  324RPM 

CURVE  DERIVED  FROM  FIGURE  MO.  VR  APPTEQ.4  REFUO.I2  APPX 


PRESSURE  ALTITUDE  FEET 


Figure  No  f4- 

OGE  HOVERIWG  PERFORMAWCC 
AH-  I  G  UEAVn6I5247 
ENGIME  PARTICLC  SEPARATOR  INSTALLED 

WOTES  .  I  CURVES  BASEDOVJ  IOPERCEWT  OIR&CTIOWAC 
COWTROL  MARGIN!  OR  NIATUNIUM  EUGIUE  POWER 
AVAILABLE,  WHICHEVER  IS  LESS 

2.  WIWD  LESS  THAW  2KWOTS 

3.  ROTOR  SPEEDS  32.4  RPHl 

CURVES  DERIVED  FROM  FIGURES  18  <  1 14  APP  VTT 


160001 


14000 


1 2000 


lOOOOi 


BOOC^ 


ftood 


400<* 


2000, 


STANDARD  DAT 
H0VER1  NG  PERFORMWttJ 
LIMITED  BY  RECOMMENDED 
IO PERCENT  DIRECTIONAL 
CONTROL  MAR.GI  N 
ABOVE  AN  ALTITUDE 
Of  13200  FEET 


STANDARD  DM 
HOVERING  PERFOR- 
-KMANCE  LIMITED  BY 
MAXIMUM  ENGINE 
POWER  AVAILABLE 
BELOW  AN  ALTITUDE 
OF  13200  FEET 


STANDARD  DAY  HOVERING 
PERFORMANCE  LIMITED 
BY  MAIN  TRAWSMISSI  ON 
TORQUE  INPUT  BE  LOW  AN 
ALTITUDE  OF  8100  FEET 


6600  7000  7400  7800  8200  8600 

GROSS  WEIGHT  ~  POUNDS 


8000 


8400 
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PRESSURE  ALTITUDE.  ~-FEET 


n 


Figure 

,TG£  Hav E^iUG.  Pe  apoftMAucg. 

AH-IG.  USA 

EUGtue.  PARCEL  SEPARATOR  I MSTAUJED 

(JOTES:  I.  STANDARD  DAS 

2.  IA11UD  LESS  THAU  2.kU.01S 

3.  SKI  0  HEIGHT*  SPELT 

4.  ROTOR  SPEED  -  324  RPIT 

CURVE  DERIVED  FROM  FIGURE  S>  I,  i  t,  (  I  i4  a  prim 
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PRESSURE  ALTITUDE  -  FEET 


Figure  Wo.  \  €> 

XGE  Hover i ug  Perform  auce 

AW-IG  USA  52.4-T 
ENGINE  PARTICLE  SCJWW«TO«IWSTAU.tO 

MOTES'  I  AMBIEWT  TEMPERATURE*  3S*C 
Z  WINO  LESS  THAN  2KUOTS 

3 .  SKI  D  HEIGHT  -  3  FEET 

4.  ROTO R  SPEED  “  324  RPM 

CURVES  DERIVED  FROM  FIGURES:  I,l7,$  114  APPYK 
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TtGURE  ViO.  17 

KIom  Dt  MewistoMRuTM  l  Rotor  Perpqrvamjce 

AH-I&  USA  &4I  524-7 
T  S3- L-  \aV»LE  14001 
SVVABOU.  ROTOR  bf»€£D 
~  RPSrt 
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□  31  + 


MftlN  ROTOR  THRUST 
COEFFICIENT - 
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Fi  cure  Wo.  18 

Mon  Pi  mem  signal  Hovering  Performance 

AH- 1  G  USA  ^P»l.5Z4-7 

T  5i- L-I3^*LE1400I 

SYMBOL  ROTOR  SPEED 

~RPM 

O  3Z4- 

□  314- 

NOTES  .TTETHERED  HOVER! NG  TEC. H  N  I QUE  USED  TO  OBTAIN  DATA 

2.  OPEN  SYMBOLS  DENOTE  CLEAN  CONFIGURATION 

3.  SOLID  SYM&OLS  DENOTE  HVY.  HOG  CONFIGURATION 

4.  WIND  LESS  THAN  2 KNOTS 

5. VERTICAL  DISTANCE  FROM  BOTTOM  OF  SOD  TO  CENTER 
OF  ROTOR  HOB  -  1 1  SB  FEET 


MAIN  ROTOR  THRUST  Ct  *  I  OS  &  R  NT  *IO* 

COEFFICIENT-  'MR  >A(JLR^ 
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58  fr&i 


5*1  58 


Fl  GUR  E.  Vio. 

NJOM  P>ME.MStOMAU  HoveR\t4G  PeRFOKMAMCE 
AMI  G  USA  YuG  I  'S'lA-l 
T53-L-I3  ?ULE1400I 


symbol 


ROTOR  SPEEO 
~RPM 
324- 

"5 14- 


MOTES:  I.UUF LAGGED  SYMBOLS  DEMOTE  TETHERED  HOVERHJG 
TECHNIQUE  USED  T0O8TAIW1  DATA 

2. FLAGGED  SYMBOLS  DEMOTE  FREE  FLIGHT  HOVERlUG 
TECHMIQUE  USED  TOOBTAIMDATA 

3.0F>EU  SYMBOLS  DEMOTE  GLEAM  CONFIGURATION 

4-.  SOLID  SYMBOLS  DEMOTE  HVY.HOG  COMFiGURRTIOM 

5. VMtMD  LESS  THAW  2KMOT5 

6.  VERTICAL  DISTANCE.  FROM  BOTTOM  OF  SKID  TO 

CENTER  OF  ROTOR  HUB  *  1 1 S3  FEET  ra 


DIRECTIONAL  COWTROL - / 

POSITION  lOPERCEMTFROM 

Full  left 
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IOOFEET  SKID  HEIGHT 


/^)  directional  control: 
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Figure  Kio  20 

Hovering  IM  IMinD  ENVELOPE  FOR  A 
T&N  P&RCENT  DlRE.CTlONAUCQNrftOtNWG'N 
AH-lQ  TS3-  E-  \3 

bKIO  HEIGHT  *  7  FEET 

NOTES:  I. CURVES  DERIVED  FROM  FIGURE  NO- 2\  APP.  YU 

2.  NINO  VELOCITY  PRESENTED  FOR  CRITICAL  WIND  A  El  MOTH 

3. SEVEN  FOOT  SKID  HEIGHT  REPRESENTS  MOST  CRITICAL 
CONDITION 

4- FULL  UE.FT  Dl  RECHOMAL  CONTROL  *  14°  DEGREES  TAIL  KOTOR 
BLADE  ANGLE 

5  IOPERCEUT  DIRECTIONAL  CONTROL  REMAINING.  FRONT 
MEAN  CONTROL  POSITION  REQUIRED  DURING  STABIU’CED  HOVER 

b  VAIN  SCAS  OFF 

r.  standard  day 


* 
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IN  I  NO  VELOCITY  —  KKIOTS 


FicuRtKio2l 
XGE  Hovering  in  Wiud 

for  a  Ten  Percent  Directional  Control  Margin 

AH' (O  UEA  R/MGI5  24T 
TE»-L-l»iUE  14-001 
SKID  HEIGHT  *TFE«T 

NOTES!  I.  FOINTS  DERIVED  FROM  NO.  22  THROUGH  2,5  APRTQL 

2  WIND  VELOCITY  PRESENTED  FOR  CRITICAL  WIND  AZIMOTH 


5.SEVEN  FOOT  5 RID  HEIGHT  REPRESENTS  MOST  CRITICAL 
CONDITION 

4.FULL  LEFT  DIRECTIONAL  CONTROL*  iq*  DEGREES  TAIL  ROTOR 
BLADE  ANGLE 

5-10  PERCENT  DIRECTIONAL  CONTROL  REMAINING  FROM 
MEAN  CONTROL  POSITION  REQUIRED  DURING  STABILIZED  HOVER 

fa.  YAW  SCAS  OFF 

T  STANDARD  DAY 
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F  l  CURE  Mo  22. 

Directi  okj  al  Comt roi_  5l>w\  wiary 
AH -IQ,  US  AS/m  GI5  24T 

HV  Y  SCOUT  COMPIGuRATlOMI  HIITH  ROCKET  POD  F  AIRIMGS  RtMOV  t  D 

ALTITUDE  GROSS  HEIGHT  LOMG.C.G  ROTOR  SPEED  THRUST  COtVV 
HD~fT  ~  LS  ~1M.  ~ RPM 

140  806,0  200.4  (APT)  524  0  004018 

MOTES : 

I  IOT.DIRE  CTIOKJAL  COUT  ROL  REMAlWIUG  FROM  ME  AR  COUTROl 
POSITIOKI  REQUIRED  DURIWG  STABILISED  FLIGHT  COHOiTlOKl 

2.  YAlA  SC  AS  OFF 

3.  TOTAL  DIRECTIONAL  COMTROL  OlSPLACtMEVJT  :  707IW  fROwVOi 
LEFT 

A  SHADED  AREAS  REPRESENT  LESS  TF\  AM  lO*7o  DlRECTIOUAL  C Ou  i  KOi. 
HARGIK1 

SPOIMTS  DERIVED  FROM  REHREViCL  '  5  APP  — 
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D  I  R  EC  T  IOMAL  COMTRQL  SuMMftRX 


AH-IG  USA  S/m  GIS2.A7 

HVY  SCOUT  CO WHCUR AT l O N  WITH  ROCKET  PODEA\R\NGS  REMOULD 
ALTITUDE  GROSS  WEIGHT  LONG.C  G.  ROTOR  SPEED  THRUST  COEPP 
Hd-FT.  ^  LB  -tW.  -RPM  ~  Ct 

-40  QE4S  iqq.G(APT)  314  0  004-SS* 

kJOTES.  TBjOL 

1  107-  Dl  RECTIONAL  CONTROL  REMAINING  PROM  MEAN  M 
POSITION  REQUIRED  DURING  STABILISED  PLIGHT  CONDITION 

2  YAW  SC  AS  Off 

3  TOTAL  DIRECTION!  A L  COMTROl  DISPLACEMENT  7  07  IN.  PROM  PULL  LEPT 

4.  SHADED  AREA  REPRESENTS  LESS  THAN  107*  OtRECT  IONAL  CONTROL-MARGIN 
S  POINTS  DERIVED  FROM  REPEREWCE  IS  APP  X 


VVEAO  WIMD 


30  K.T.S  \ 


TAIL  ili'MMD 


/ 


Figure  Mo  24- 
DlKECTlOKiAL  CoKiTROL  SUMMARY 
AH- 1  G  U^A%C>t52'U 

HVY  SC.OOT  CGMFIGURATlOk)  INITH  ROCKET  POD  F  Al  RTE1GS  KLPU  ML  U 

altitude  l>ross  height  i.owg  c  c  rotor  speed  thrust  cotiv 

Hr, -FT.  -  LB-  ~  I  M  —  RPM  —  C, 


se  ro 

HOT  ES 


9050 


200  7 fAfT)  '324- 


0.00  4fc  f  (J 


1  I  07.  DIRECTIONAL  CONTROL  REMAINING  FROM  MEAN  COMT ROL  POSitiol 
REQUI  RED  DURING  STABILISED  FLIGHT  CONDITION 

2  YAin  SCAS  OFT 

3  TOTAL  D|  RECTI  OKI  AL  COMT  ROE  DISPLACEMENT  -  7  0  T  l  N  FROM  Pule  LEI  I 

■f  SHADED  AREA  REPRESENTS  LESS,  THAN  l  O 7*  Dl  RECTION  A  L  CONTROL  MARGIN 
5.  HOI  MTS  DERIVED  PROM  REFERENCE  IS  APPI 


:  V,'  I  %  XV'.Ll  \  90 
,  F !  i  (vi  (~>  | 
t 
1 
h 


Figure  kio  25 

DiRCCTIONAE  COMTRO  iSuM  MftR  Y 
AH- 1  C  USAYu  €>  !  b  247 

HV y  SCOOT  COMF1  GURATION  W  ITH  ROCKET  POD  FAI R1  UGS  REMOVE  D 

ALTITUDE  GROSS  WEIGHT  LONG  CG  KOTOR  SPEED  IHROST  COEFE 
H0-PT  -LB  -'Ll  -  RPrvi  ~CT 

II  I  CO  7210  |R5  4-(MID)  324-  O  005025 

NOTES 

I  I  07-  OIRECTIOM.AL  CONT  ROL  RCNWM  Nl  MG  P  ROM  MEAN  CONTROL 
POSITION  REQUIRED  DURING  STABILIZED  FUCHT  CONDITION 

i  YAW  5CAS  OFF 

3  TOT  A  L  DIRECTION  AG  CONTROL  DISPLACEMENT  7  07  IN.  FROM  FULL  LEFT 
4.SHADED  AREA  REPRESENTS  LESS  THAW  107°  DIRECTIONAL  CONTROL  MARGIN 
S  POINTS  DERIVED  FROM  REFERENCE  IS  AP  P  X 


hf md  wi wo 


LT.  CROSS  WIND 


L-.v-O 


wwm. 


a  mm  ■ -i 

c  lifts®  H 

v-  ;:c:  -.cf 

xv- /  9H r 


RT.  CROSS  WIND 


20  RTS 


"50  KTS 

tail  wind 


ALTITUDE- FEET 


Fi  guiu  Kio.  26 

Take,  off  Pe-Rfobniance  Summary 

AH-iG  TS3-U-I3 

HVH  HOG  CONFIGURATION  WITH  R.OGRET  f>OD  FAIRINGS  REMOVfcO 
CENTER  05  GRAVITY  IRS  IN. (MID) 

TECH  VH  qUE  •  LEVEL  FLIGHT  ACCELERATION  FROM  A  "S FOOT  HOVER 

NOTES'  1.  DIRECTIONAL  CONTROL  MARGIN  Of  \0  PERCENT  EASED  OR 
FIGURE  UO.  I  APR  3ZIL 

2.  CURVES  DERIVED  FROM  FIGURE  NOS.  H.  IS,  27  {  V l 4 1 51  ftPP  YU. 

3.  STANDARD  DAT  CONDITIONS 

4.  ROTOR  SPEED  »  32.4  RPM 

5.  WIND  VELOCITY  Z  3 K NOT S 

6.  V)MD  -  INDICATED  AIRSPEED  DURING  CLIMB- OUT 


1 2000 


9000 


4000 


GROSS  INEIGHT  .  RSOQLS. 


HOfUEOMTAL  DISTANCE  REQUIRED  TO  CLEAR  A  SO  FEET 
OBSTACLE  -  ^  FEET 
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Variation  of  Take,  ofv  Pi  stauce 
With  Aire peed  at  So  Feet  Amd  aCp 


S!p5 

-o'!  i 

Sr9^ 

>  *?? 
,lP  Ul2|» 

Sip: 

Is  252 

Jijl? 


vf.  * 

*■</  ,  0 
'rf-  ^ 


X 

5i  I* 

si 

ji  i  • 

S,  S  E 

2  i 

His> 

2j|3  *  j£ 

$hs 


1331 

3T3V1S«0  id  Off  V  »V3T3  01  Q3»tnD3a  3DIHV13IQ  "IVJ.OJE 


iir 


-TROE  AIRSPEED  AT  50  TEET  -  VT  —  KTAS 


TOT AC  DISTANCE  REQUIRED  TO  CLEAR.  A  WHIT  OBSTACLE  “TOTAL.  DI5T  AUCfc.  KEQUtCED  To  CLEAR.  A  SOVCET  OBSTACLE 


riCOKE  VJo  26 

lAWfOK  DISTANCE  RtqiUkRloToCLtAK 
A  SO  Feet  Obstacle 
Ah  -•  &  U  t>A 

mv  hOCi  CDKiFiCUWATlOW  WilM  ROCKET  POD  t-MRlCiGS  KEsflOv  L  n 

cEM'WlR.ar  iiHAVma'rtmBLWCrtEb^vo) 

"Ti  Liv'Et  V  uCh  :  ACCELERATION  F  ROM  MHKU  fLM  tW.i  h 

wart  i  ACp*  Cp  scan  ■  cP  to  ><oriR  at  jf it  t 

2  CpMSCtLtT  CASED  ON  ENGINE  R>PiCK  AfAt  ^ASut 
LAlOtH  TV-j'  DAT  ATTVIOSPWERiC  CO«0i  HOWS 

3  C  P  TO  iWtR  AT  3fF.LT  BASED  OVitLlGlUt  PO»*L* 

RtajlKEC  TJHT 3WLK  A!  3ffcfc1  UNDER  A  At  L  Off 
ATMOSPHERIC  CONDITIONS 


1400, 


\  LOO 


VOOO 


At*  -  .TBS  MC> 

oKO*  r»  uIiuhT  I9t»0  -£> 

t  KfcL  Aik  TLPfLKATURl  vBS*v- 

ROTOR  SPfcEO  •  324  KPM 

PRESSURE  AUiTOOi*  *4  •  D  »  l 

vmin  viioCiVT  *  iKNOrs 


9oo 


woo 


400 


200 


to  2D  80  40  50  WO  70  ©D 


4'. •  ISW2  *iO‘ 

UR05.S  NtiCHI  •  740OL& 

FAIL  AiMEMPLKAUJKt  25.  t/C. 
kOTOH  SPEED  ■  9241PM 
PKLSSORE  AU  iT\)Dt  '5flS  OX  T 
w»wo  vtux  3<wcns 


Jtt>  3o  40  so  GO  70  80 


<K»  134  7  »  -o  fc 

Cj*OSS  WEIGHT  (41.-  a 

F  RLL  At  P  TCP  PLtMUKL  •  i  l  :  \ 

ROTOR  SPEED-  324  RPM  / 

PRESSURE  ALTITUDE  ri'Un»  * 
t*IUt>  ULU>C  •*  i£3tunT*> 


20  90  40  So  40  ro  fio  ‘To 


TRUE  MRSPSED  AT  50FEET~-Vt -KUOTS  TAS 


1400 


<200 


(ICp  .  Ill  W  *lCf* 

GROSS  WEIGHT ‘S 270 US 
FREE  AIR  TEMPERATURE  *  14  0*C 
ROTOR  SPEED  -  334  RPN\ 
PRESSURE  ALT) TVOE  »  ZIOPT 
WIVJD  VEUX.IT T  *  SKNOTS 


lOOO 


900 


woo 


400 


<CP  •  412*10 
GROSS  WEIGHT  -  8463  LB 
FREE  AIR  TEMPERATURE  *24  St. 
ROTOR  SPEED  *  3Z4  RPM 
PRESSURE  ALT  iTUOt -4060  f  X 
WIND  VELOCITY  4  BKNOlS 


/ 

/© 


/ 


/ 


G 

0CP  -C7E  MO*" 

GROSS  WEIGHT  tfkMOLS 
FREE  AIR  TtWPERATuAl  ■•S'*' . 
ROTOR  SPEED  •  324  Ri-14 
PRESSURE  41.1  ilOU  1  * 
**vjDmcYJT'»aS-'.iHMt.  j 
I 


i 

A 


7 

!  ® 

/ 


O  ' 
0 


200 J - - - - . - - 

lo  20  90  40  SO  wo  70  40 


lO  20  30  40  50  WO  TO  80  2  0  EO  40  50  GC  TO  *C 


THUS.  AXWBPXLtO  AT  80  f  WET  -  S/T  -  KTA% 
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ski  d  Ktioarr  aacvt  groum*  a>oo  height  move  grouud  skid  kucw*  arcwb  &«o«jmo 

OumuG  TTM;t  DUKIUG  TAKE  Off  -  K  ~FT.  DURlUG  TAKROt?  *k  -fi 


fiCUHE  kJO  2<? 

Take  off  Perforwikncl 


F~ 


AH  IG  USA  VuCISZA-l 

"IkVI  HM  COUIICURMIOM  WITH  ROC.K&T  POD  FAIRING*  UMOVIO 
RCTCOR  SPEED'  37. A  RPVI 
CENTER  Of  CjRAVnT-IR6luCHES(.MlO) 

TECHNIQUE  LEVEL  PLIGHT  ACCELERATIOH  PROM  AT,  fEET  HOVLR 

DOTES  I  aCf  •  Cp  AT  50FEET  -  Cp  ID  HOVE  A  AT  SCtET 

2  CpAT  SOFttT  BASED  OU  EUGIUE  POWER  AVAILABLE. 

UWOC.R  Tt«,T  DAY  ATMOSPHERIC  COWOITIOWS 

3  Cp  TO  HOVER  AT  3 FEET  .  BASED  OU  EUGIUE  POweR  R6QOIRED 

TO  HOVER  AT  3  FEET  UUDER  TAKE  OfF  AT  MO  3  PH  ERIC  COWOniOwS 


C>ROM>  WEIGHT  >  Tito  LB- 
FREL  AIR  TEW PRRATUfUL •  1 B  S*C 
PRESSURE  ALTITUDE v  W SC  FT 

ACp  *  iis.d  mo'1 


C.K£)S6  WEIGHT  ‘"M^O  LB 
FREE  AIR  TEMPERATURE  »  25.S"C 
PRESSURE  ALTITUDE  »  59^0  FT 
ACp  •  IS4.2  MO’4 


GROSS  WEIGHT  »T42C  LB. 

FREE  Al  R  TEMPERATURE  «  U5*C 
PRESSURE  ALTITUDE  '  1140  FT. 
ACpHM.7  l  lO*4 


gross  weight  •  qzio  lb. 

FREE  AIR  TEMPERATURE.  •  HO#C 
PRESSURE  ALTITUDE 7  210  FT 
dCp  •  MTA  K  10*4 


GROSS  WEIGHT  »  8*40  LA 
FREE.  AIR  TEMP&R/YTURJL  *  2E«5'C 
PRESSURE  ALTITUDE  •  40G0VT. 
4Cp««H2  RIO’4 


TRUE  AIRSPEED  -  Vj  ~  KJTA* 


GROSS  WEIGHT  •  8110  LB. 

F  REE  AIR  TEMPERATURE  e  IS-O 
PRESSURE  ALTITUDE  ■  WO FT. 
OCp  ■  S4  1  *  IO*4 
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f  IGURt  Kio  3  I 
Tare.  o»T imiHutohi 
AHIG  USA  %i6I524T 
T53-1-  11  %^£.\400l 

HVl  HOC.  COUf  IGURATIOM  WITH  ROC.  A  tT  POD  f  A  ,  HI  *J  G  %  REMOVED 
Ttc.H  vj  i  Que  llvll  Flight  acclllratioij  (kokimfeei  hove  r 
ALTITUDE  AT  GROSS  wr  UOMG  CG  ROTOR  SRttD  THRUST  COtfUCltll! 
AHOVtU'fl  ~  Li  -  I  LI  -  (Pm 

11140  8 1  GO  IR6Q  1Z4  OOOSGSe 
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ALTITUDE  —  EtET 


Fl  CURE  KJo.  52 
C  l  i  ms  Per  form  aw.ce 

ftH-iG  USA  *>{£,  I  524-T 
T53-LI3  ^LEW-OOl 

OUT  SOARS)  ACYERMAYE  CO^HGURATSOM  HUTWRECW2T  POD  SMtlMUi  REMOVED 
CO WT RAC r  GURSAVSTEe.  COMPUAMCE  CHECK. 

EMGtWC  PARTSCt-E  SEPARATOR  MOT  IM3TALCE0 

UOTES  :  I. C LI  M B  START  GROSS  WEIGHT  -  8000  LB 
l  ROTOR  SPEED  ■  S24RPM 
5.C.G  &VATIOM-  l9-2.0IKiCHtS(FDRWARD) 

4  STANDARD  DAT 

5.  EUGIWE  POWER  AVAILABLE  OBTAINED 

from  figure  mo.  ua  app.tzu 


RATE  OF  CUMB -FT/M1  Wt  GROSS  WEIGHT-LBS 

o  i  o  '  2.o  30  o  ioo  aoo 

TIME  TO  CUMB-Kltw.  FUEL  USED  —  LBS. 
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Figure  Kio. 32  continued 


/ 


O  Ar  8 

NAUTICAL.  A1RWILES 
TRAN/CLED 


SHAFT  HORSE  POWER 


ALTITUOE'FEET  ALTtTUOC  ~  f  EET 


Figure  Wo  53 

Cum  b  Per  ton  m  h_nci 

AH  1C  UBA  VuaHiA-T 
CLEAN  CONFIGURATION 
ENGINE  PARTICLE  it  P  ARATOR  1  LSTALCfc  0 

NOTES  l  EMGINL  POWER  AVAILABLE  OBTAIUED 
FROM  FIGURE  UC  I  IE  APPTIH 

2  ROTOR  6PEE0-i24RPM 

3  3TAU0RRD  DAT 


CLIMB  i  I  ART  GROSS  WEIGHT-  TSOOLB 
CENTEkofgrrvitt  -iqi  2iw  (fwd) 


SO  BO  io 
airspeed  ~kts 


CLIMB  START  GROSS  WEIGHT- B5QO LB. 
CENTER  OF  GRAUiTT- 19  I.+  IN.(FWD) 


O  IOOO  2000  3000  MOO  MOO  BSOO  O  IO  tO  SO  ED  TO 

RATE  OFCLIMt  ~FT/MIW.  GROSS  WEIGHT  ~  LB.  N*UTTRAVELEo'l'lS  AIR5PE.ED^*tTS 

O  IO  ZO  30  O  too  too  TOO  TOO  I  too 

TIME  TO  CLIMB  --M1VI.  PURL  USEO- LB.  SHAFT  HORSEPOWER 
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Al_T!TUO«.  ~*e£T  ALTITUDE  ~  TEET 


F icunt  Mo  3*t 

Climb  PtlrpohmamCE. 

AH  IG  USA  l  5  Z.4-*T 

TS3-L-15  %LfciH-OOi 

H  vy  HOC  COMTICURATlOW  WITH  ROCK.E7  POO  fMRlUG*  REMOULD 
ENGINE  PARTICLE  6EPAR/VTC*  IKiVT^LwED 

UOTti  l  LVJGIUC  POHER  AVAiLAM.l  OFT,.  v)bt>  FROM  P  IG'JRC  UO  M  C,  APPYQ 
2  KOVOR  5PTLi)«  6Z4  RPM 


O  yoo O  TjOOO  3000  8500  G <400  BSOO  O  lO  20  60  «0  TO 

RAT*  OfCUMR^FT /MIN  GROSS  WEIGHT  LSS,  NAUTICAL  AIRM\LES  AlRBPEtO  ^  ICT* 


O  IO  20  50  O  IOO  ZOO  TOO  TRAqoo’ED  \,oo 

TIME  TO  CLIMB  ^  MIN  Full  USED  -LB5  BUAPT  HORSEFOrttR 


jwre  OrC.LI*AS~.FTAAIN.  GRMi  WtlQHt-UM  ^^TRAVELED  LES  AiRSPceo~KT4 

O  ID  20  SO  O  ICO  SOO  TOO  900  11 DO 

TIME  TOCUMB-WIW.  FU?.L  USEO'Ut  SHAFT  HORSePOWE* 
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EW&IUE  SHAf-T  HORSE  BOWES  ~SHP  RMEof  CUMB'fT./MlM 


F  i  cu«  S  Wo  5S 

\/MKt»\tioj*  *^kAie  ot  Climb  njcnowj 

OL  ^  ROE  S  WEjCHT  AuO 
Lkju  >ot  "bhAn  Hcx^l  power 
AH'  iQ  USA  %&i  b24l 
'  b3  L-  I  &\ll  14001 

5  ■»  fv’  Oh.fc.SlYY  Altniillk  KO«OH  6rt.Ll)  trtG;UL  COtit  iCoKAl \QU 

—  FT 

5  000  fl  2*1  MOO  rivt  HOC 

lOGOO  5^4  0*,0  HJi  HOG 


2200 


ItiOO, 


A 

O 


A 

<y 


A 


\ 

C\ 


\ 

. . 

lOOO  0OOO  QOOO  IOOOO 

GROSS  WEIGHT  -*■  LB 


-iS 


2 

* 


0  .4  ‘ 
6000 


1000  8000  MOOO  IOOOO 

O  nos  5  WEIGHT  —  U5 


SVM  DLU3ITY  ACTITUOE  GROSS  WEIGHT  ROTOR  SPEED  COWfIG  U  RATION  i.nMG  LG 

- —  9  T  -  LB  —  RPM  ^tCCHLS 

•T  5000  6500  524-  MVY  HOC  F  y*4  L> 

□  5000  0300  524  CLEAN  KWU 


)200t 


K)OGl 


800 


Kp  *  CA  MC)(6RWT)  .  0.613 
(4SHP)(  33000) 


O 

V  C 


.td  .  n 


200 


// 


/• 


O' 


-ef- 


-0DOO  -1400  -UOO  -SOO  -400  O  400  800  1300  1400  2000 

PAIE  CSV  CEINiR  ~  FT.  /MIW 
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AIU  ROTO*  TMBOtT  C t  *  »0  s  GRWT  XIO 

COtWOfcftlT  -  '^7 kTTlK)  1 


I 

\ 


Fi  cure  klo  36 

Nom-Dimerisiokm.  Rotor  TipSpeed 
R<VQO  FOR  MaXIMUmCuMBPeRTORMAMCE. 
AH-1G  OS  A  &6  I  5  2^-7 
TS3-L-I3  %|LEl4O0i 
CE.WTER  OV  GRAVITY- FORWAAo 


- CLEAN 

-  HVV  HOG 

—  out  a’o  alter  mate 


!i 

I 

// 

-7 


/ 


gMClMt  POWER  OOE.FFJ  CtEklT- Co  X  IQ*  =  SHP  550  X  JO 

PA(ilB)* 


Fi  cure.  Klo  37 

KlOM  Dj  MELKISIOMM  MmiMUM  PoJM£RReqUIR£D 
AH-1&  USA  *£1524-1 
T53-L--J  5  H/tlVOOl 

CtUTER  OF  GRAVITY*  FORWARD 


- CLEAN 

- HV  V  HOG 

- OUTB'O  ALTERNATE 

NOTE:  CURVES  DERIVED  FROM  FIGURES.  39 ,40, 7Z, 7 3,  84  4  BS  M»*m 


lit 


EUUUE  POWER  COBfTU-ICUT-  CftlO*.  SSO  5HP/^A(a^,  *  lo*- 


A 

o 

Rf 

1 

h 

t 

N 

4 


5* 

51 

a 

bo 

■tf 
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fe 

v. 
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SL 

J4 

32 


2£ 

24 

24 

22. 

20 

19 
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F I  CUBE  Mo  40 

Mom  Dimeusiomal  Leve  l  Flight  Pertormauce 

AH-IC,  US  A  4LC.I  S  247 

T55-L-  I  3  SL  LE 14001 

GLEAM  CO MFIGUR.ATVOM 
CEVJTEB  OF  GRAVITf  FOIMKIID 
ROTOR  SPIED*  S2.4RPH 
MOTE  POtWFS  O&TAIUEO  FROM  FIGURE  41 
THROUGH  #4  APPTIK 


N 

T 

4 


44 

42 

0 

M 

4* 

* 

m 

42 

34 

4« 

J4 

3» 

32 

34 

*> 

54 

7 9 

n 

24 

* 

22 

7*. 

?/► 

74 

Ifl 

22 

1C 

lo 

1* 

It 

•4 


MAIM  ROTORTHRUSTOOlFFiaEUT  -  C^KIO4-.  G<  MT 

(OA  (TlR)* 

1 14 


ia 


e 


AvQ  AL1\TU06. 
- PttT 
•21  50 

44.10 


Figure  Klo  41 

Level  gu  cht  Performance, 

AV4-\C.  UT5  A  9^1524*7 
T63-L-IS  %^k»400l 


AVG  GROSS  WCIGKT  M<*  LOUG  C  G 
L-»  —  m 


AVG  THRUST  COCff 
-  Ct 


ROTOR*P*fcO 

~*P*A 


ARHRMtVlT 

GOV1TIG 


7150  IRI  O(FWO)  O  001121 

13  50  IRI  2(F*0)  0  004161 


124  C  LEA  ki 

32.4  3  CIXAVI 


O  MAIIMUM  UAMPP - 


ORR  MAXIMUM  WAMPP 


REGOMMEUOtO  CRUISC  AIR3PECO 


RC.COMMC.UDE.O  CRUIHJ!UM£1IP 


E.UQIOE.  SHftfT  HOR?t«)«ER~5H(>  MAI  W  REJTOR  ADVftl  1C(UG  BLAOt  TX**  M  KM  OUMbtR 


V  l  CURE,  klo  4-2 

LfcVH.  fllOHT  Pe.RgQfUV\RMCC 
AH-ICS  O  S  A  I  S  2.+7 
T5S-LI1  KUtiA<iai 

BYMfiOL  AYQ  f\l_T\T\10t  AVG  GROSS  WEIGHT  AVG  LOIG  C.G  W/G  THHU3T  COST?  ROTOR  STEX  D  ARMRmiUT 
,,0„fCS.T  ~  Uft.  ~IM  'Ct  ~RPM  CownG 

A-SfcO  8150  IRJO<?W»)  O.OOASgR-  SS5  ClEAKI 

SZZO  BS  SO  lliidwo)  OOOE8IA  3i4-  CLEAK1 


a 
*  t 

*°1 

n 
«  -? 

lit 

u  i 

J  , 

>  '■* 

lc 

«  ) 

5  u 

1* 

^  ° 

V»  O 

£  2 

IO 

58 

2  o 

-OS 

B^^MAKlMDMWAMPf  — 

~  O  O^lo 


OSS  M A II MU VI  NAt'.n 


\  I 

N 

n  4° 


r  v0 

Qyy  FAIRED  CURVES  FOR  ENdUE  SHAFT 
HORSEPOWER  AUD  NAMPP  DERIVED 
0  FROM  FIGURES  *S.  40fllfc  APPHI 


T  RAWS  Ml  SSI  ON  INPUT  TORQUE  LIMIT 


RtCOMMEWOEO  CRUISE  AIRSPEED- 


TRAUS  MISS  ION  IUPUT  TO«*JR.  LIMIT- 


RX.COM MEUOEO  CRUISE  AISSPEIS 


40  40  90  IOO  IZO  !40 _ ISO _ _ 

40  6<2>  SO  IOO  1*0  140  160 

TRUE  AIRSPEED -Vy^KTA’S 


116 


Fi cum  kio  4-5 

Uvcu  Flight  PKHfORMftuct 

AHI&  US^li?-4| 

T5  5  •  L-  I  3  fcLUAOOl 

»<k'0  'll  A.o  M_Tm.lDL  AJG  GHfliS  HeiGfil  AVC.  lOUG  C  &  AVC.  TWRUiT  COCFV  KOlURltl  ARAA>-«_I,1 

H0  —  ftH  -  iS  -in  ~Ct  —  R  P  L/>  [All!  C. 

ijto  mo  iq»  1(1110)  o  oosora  S2<  5  nit  A* 

H 6 AO  6030  iTl  6(fw0)  OOOiilZ  i/i  .  v»u 


it  “ 

ft  s 

*  *  2£ 
*■;  1 
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•h  GEWERATOR  ELCCTIUCAL  LOAD  *  2.ERO 
3.  PERCENT  A1  RBLEEO(.Wn  /W*.1)  »  O.  G*f*. 

6.EWGIME  OtL  COOLER  DRIVBU  EiY  EUGIUE  BLEED  AlH 
7  ROTOR  SPEED  *  3Z4  H.PM 


l^ocq 


£VOiW£  SHAFT  KQKSEPOlMP-R  ~ESHP 
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-  . .  It!-- 


I 


I 


FUE-L  FLO*J  —  L6S/HH  3rtAFT  HOlUtPOWfR  ^VMl>BLS  V^ifM 

E.NJClw:£  DEVELOPING  MILITARY  POM  L  A  ~  ^HP 


F I  CURL  Mo  1  1  s 

5  .  C  *nO»t  t>MAi  l  HOAStPOwfc*  A,VAlLA*SLfc  AVJoVuiL  £uov>i 

Sh  IG  T53-  L--b 

CWCIUE  P^KTICLC.  SEPARATOR  IU STALL tO 


SfM 


UOTtS  l  CURVES  aAStD  OU  ITCOMi  MG  73J  •  L'  I  S  EVJCtME 
MO0CL  SPECIFICATION  GO  lO^  S  3 
e  EuQUt  IwlET  CHARACTERISTICS  &ASED  ON  FIGURE 

uo  1 arp  yn 

5 GEgCRAT CM  ELECTRICAL  load*  EERO 
4PERCGUT  AlRKL£ED(NtlL/k*J^  .  EERO 
5  EVjGtvJE  0>l  COOLER  DRIVE  W  6T  TAtl.BOTOK 
DRIVE  SHAFT  COUPLING 
4.  ICAO  STANDARD  DAT 
7  ftOfOR  SPEED-  5  24RPVA 


i3ut* 


MOO1 


iood 


^oo 


GOOj 


/ooooi  • 


Tool 


<*30 


Qoq 


GOO, 


yA«wosi«# 

A‘0}^. 

/'//s/h 

/  /  //> -«0C 


■  ^  *■ 

/ 


/  ?  '  ,  '  .  '  / .  /  A 


/  ’■/'  /•  »  /  X. 


s  •*> 


A  t  winr 


rv  - 


w  .-'  /  s  s 

*<4 
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FUE-S-FUSW  —  l-as/Ha  iHAFT  HORBtPOWtK  AVAIULBU.  WITH 

EOGIWE  OE  V  t  LDP'  UC  HU  LIT  ARY  POWER  —  SH  P 


F I  CURE  Uo  I  1* 


Specif  i  cahomIkait  I 


EUGlUC  PARTI C\X  SEPARATOR  INSTALLED 


UOTES  I  CURVE-  BASED  ON  LVCOM\ UG  T  S 3* L*  \  3  fcUGtUE 
MODEL  SPECiHCATlOW  KJO  140  33 
ZEUGlkJE  IKICET  CHARACTERISTICS  BASEDOW 
FIGURE  klUKrt BE t  US  APP  TO 
A GENERATOR  ELECTRICAL  LOAD*  KERO 
4  PERCE  UT  f\\ «  BLEED  (  W  bl /W*)  •  O  4  T. 

JEWGIWE  Oil  COOLER  ORiVEW  BY  EUGlUt  0LCEDA1* 
£  COCKPIT  AlO  COuOiTiOuiuG  DRIVEN  BY 
EUGJWR  BLEED  MR 
7  ICAO  STANDARD  DAY 
fl  ROTOR  6 PEED  •324RPM 


/  /////// 

V  /sTss/2 


A* 


,  '7>A>  AAx°“ 

/  y  y  A 


9eo 

eoo 

TOO 

400 

SOC 

4oo 


lOOVIP 


f  i  CURE  Kk>  I  17 

Specific ati oa'S>>**PT Horsepower  Available  and  Fuel  Fudw 


AH-I  G  T«*'L-I3 


ENGINE  PART  I C  LE  SEPARATOR  lUSJALLRO 


NOTES- 1.  CURVE  CASED  ON  LYCOMING  TSVL-IS  LMGllU 
MODEL  STEC4FICATVON  NO  lOA  SR 
Z  ENGINE  INLET  CHARACTERISTICS  BASED  OKI 
FIGURE  NO  M3  APP  VTt 
A  GENERATOR  ELECTRICAL  IOAD-  ZERO 
PERCENT  AiRSLEED  (kkt/W&)  •  iUT. 

SENGIUE  Ol L COOLER  0 RIVEN  OV  EUGiwE  SUSOAlR 
4- ICAO  STANDARD  0 isi 
T  ROTOR  SPEED  *  5Z4-RPM 


y  /^BOOSHP 


oo  a«P 


Figure  Wo  H8 

SfrlOFlCAYiOM  5hAFT  HOttStPQUlE*  Avail AOLfc  AMO  fuSLpLOU 
AH  IQ  TS3-L-1* 


UO  £  MCI  ML  PARTICLE  SEPARATOR  IMSTALLtO 


»  CURVE  BASED  OKI  LTCOMIUC  T5S  Cl  1  EUGiWC 
^OOEL  SPE.O  FlCATlOW  UO- 140  53 

2  EkiGi  HE  I  KjlET  CHARACTERISTICS  BASED  OM 
FIGURE  LUMBERS  ll  ^  ||  Of  RtflREUCC  \1  APP  I 

3  GENERATOR  ELECTRICAL  LOAO  •  ZERO 

4  PERCENT  BLEED  AIRCWbi/Ula.)  •  EERO 

5  EUGiUt  Oil  COOLER  DRIVEN  BT  TAIL  KOTOR 
DRIVE  SHAFT  COUPLIUC. 

fc>  ICAO  STANDARD  DAT 
7.  ROTOR  GREED*  SZVRPM 


Fi  c.u«t  Wo.  I  1  9 

E»JGm£  BEEP*  CcATfROL  ChARACTOUSTLCS 
AH-sGi  USA  a/M  <olSa.4-Tf 
TS5-L.-13  e/w  U£  ‘4001 


SYM  BOL 

O 

□ 


A'.RSPtfcD  DEUSIYY  ALT. 
-'-KCAS  -FT. 

IOJ5  BOOO 

IERO  1500 


FUC.HT 

COWOLTLOU 

LEVEL  F  LICaVIY 

GHOUWD  RUU  (OOLLE-CYU/r;  HAL 

DOUMj 


ZRO  310  880  350 

ROTOR  SPEED  — «  RPM 


1 

Cl 

a 

o 

LU 

l 

1/1 

e 

0 

H 

0 

a 


> - EklCilEE  ©c & P  G3w- X  Col. 


/ 


UPPER  LIMIT 


z_ 


eu&imil  beep  coiiTROv.  lower,  unit 


a  fe  +  *2.  O  2.  4- 


totaltime'^e«£p'cowtroe  switch  was  actuated  — secouds 
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AUGLE  OF-  SIDESLIP 


FlCuRE  V^O  I  20 

fcuciMfc  ReSi ppm  sc  to  a  Left  Lateral  Cyclic  Cqmtrol  Iupot 

AH'lC,  U  6  A  *^Q»\  5  7.1-7 
T  Mr  L'lS^LI.  PiOOl 

HtAVY  HOG  COWnCORATlOVJ  WITH  ROClCt T  POO  FAIRINGS  REMOVED 
SCAS  OW 

GROSS  WEIGHT  *  BSlOLfi 

C€  WTER  OF  GRAVITY'  IPO  »  ‘  WCHES (F»*J 0) 

COLLECTIVE  COWTROL  HOSlTlOU  *2  T1  IUCH&S  FROM  FULL  DOWN 


Tl  ME.  ~  SECCU0S 


AlACaUZ  CP  LUC l  Wt 

<?  ~  DEC-  ^ORQUt 


£ 

cr  O  ft-  5?<> 
q  ul  a 

8«  z”0; 


F  <  c  u  n  t  Uo  *  i  I 

Euciui  fte-suo-n.  to  a  Le.f  t  LK^tw^LC^Lic  Control  Imf-litt 
AH  -  l  C>  ;  iFT 

m  l-is^ukocx 

MfcRVV  MOO  COkJf  I  (iLMlA-noU  WITH  SOCKET  POO  FAIRIUG3  «IMME 
tCA^  OU 

GROSS  WEIGHT  -  B-Ft-C-LD 
CENTER  Of  GRAVI T  Y  -  ISOO  IU  (fwo) 

COLLECTIVE  CONTROL  POilTlOU-  3  T2IN  FROM  FULL  EOWLi 


s' j  ■  —Cs  -O'  O  — O  ■  o 


*>  4. 

* u,  ?*»■ 

S."' 


2 

0 

:  -J  C  t* 

6  5'°° 

mi 


tth.  l\‘° 

gat^Sd ,c 

«riU 


_ _'_7 


3  .  6  t 


*Tl  ME  H*  secowos 


dnsKits  40  vioriv  ivaa-ivi 


Fi  GURE  KJo  l  2.4- 

Emci  m£  Response  to  a  Right  LatspalCyclic  Control  Ivjpot 


AH-IQ  U6A  4f,tl«,2.4-1 
TIB -L-liH.lt  1*00 1 

HtftVI  HOC.  COUTIGURATIOU  WITH  ROCKET  POD  CMRIUSi  MMOVED 

SC/VS  OH 

OROS6  WEIGHT  ■  8*40  Lb 
C6  LITER  Of  GRAVITY  -IRO-C  lu  (.THO) 

COLLECTIVE  JDWTftOL  POSITION-  i  12  lu  F  ROM  TULL  DOWN 


P  H 

l*J  U.  4000 

l  t 

l/l 

l/l  A 

\J  I 

m 


*8, 
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Figure  No.  >  2S 
mg i me  Characteristics 


AH-  I  G  USA  I  5  2.4-1 

T53-L-IS  %L£  14-001 

EWGIUt  PARTICLE  St PARAT OR  I NSTALLEP 

MOTES  :  1.  C  .UR VC  BASEDOW  LYCOMING  TSJ-L- >3  EWGIUE. 
MODEL  SPECIFICATION  DO.  104-  33 

Z  CURVE  BASED  ON  ENGINE  INLET  CHARACTERISTICS 
PRESENTED  (U  FIGURE  UO.  113  FOR  EERO  AIRSPEEO 
B  CEUERATOR  ELECTRICAL  LOAD  *  EERO 

4.  PERCENT  AIRBLEED  (l^w./W*')  «  O.  04  *f. 

5.  ROTOR  SPEED  *  324  RPM 

6.  EMGIUE  OIL  COOLER  DRIVED  BYENGINE  BLEED  AIR 

7.  SOLID  SYMBOLS  DERIVED  FROM  CONTRACTOR'S 
CALIBRATED  ENGINE  DATA 


DATE  OS  ENGINE  CALIBRATION 
22  AUGUST  iq<ET 
2.9  MARCH  IRER 


PERCENT  REFERRED  GAS  PRODUCER  SPEED  Ki,  /V®^ 


£XHA'JST  •^r't  'EMFtRATUOT  'CET  PEKCtUT  RGFewRtS  PRODUCER  SPEED 


r~  vJgL 


FiguRl  Mo  >21 
EuciKit  C_h/  ftMCTE.p.i'jt  ictk 
5M  tC»  USA  Kfi.il  Z+l 
TSS  l-(5  ^L£l«-OCH 

tViC»ue  PARTICLE  tU9T»LiE0 

UOTtB  1  CUftVtBWtD  OU  LICOW.WGlii  l.  liEWOlUt 
MODEL.  'SPC.Cl  HC  AT»OU  UO  104 

2  CURVE  feASSO  OUE^GtMfc  tUl.F  X  CHARACTERISTICS 
PfttbtuTfeD  ivi  t-icuRC  uo  "  rot  t^ino  airspeed 

AGtKttftTOtt  t  LECT  ft  iCAL  UOAO-  C.ZRO 
4  PERCENT  A»RBtttO(Wv, /w*.)-  O  Cw7« 

&  KOTOR  fcPEfc  D  *  SZ-q  RPM 

*.fcWG»UE  OICOOOLER  D RWEw  ENGINE  BLEED  Alt 

1. SOLID  VmfcOi_S  UERWtO  FROM  com  RAC  TOR'S  CALIBRATED  euHLJt  DM  A 


I 

“.•fM  DATE  OS  EUGt  WE  CA'-l  6RATIOU 
tf  22  AUGUST  IH61 


4fJO  600  »CO  IOOO  I2CO  MOO  1600 

referred  haft  horscpowp-i^-  swr/r^is^ 
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REFERRED  FUEl.  FbOWi  -  AJf  LB/HR 


Figure  Mo.  I  28 

EmGi  ME  CHARACTERISTICS 
AH-  IG  USA  1 5  2.4-7 
TS3-L*13^LEI400g 

EUGIUE  PARTICLE  SEPARATOR  I USTALLED 

MOTES:  I.  CURVE  EASED  OU  LVCOMIUG  T53-L-I3  EUGIUE 
MODEL  SPECIFICATION!  U0.I04  33 

Z.  CURVE  EASED  OW  EUGIUi  lULET  CHARACTERISTICS 
PRESENTED  IM  FIGURE  UO.  I t  FOR  EERO  AIRSPEED 

SGEUERATOR  ELECTRICAL  LOAD*  EERO 
'V.PERCEUT  AVRBLEED(Wn/WO>  O.OfeT- 

5.  "ROTOR  SPEED  *  3Z<F  RPM 

6.  EUGIUE  OIL  COOLER  DRIVEU  B"<  EUGIUE  BLEED  AIR 

7.  SOLID  SYMBOLS  DERIVED  FROM  GOUT HAC TORS 
CALIBRATED  EUGIME  DATA 

51M  DATE  OF  EUGIME  CALI B RATIO W 
•  5  JAM.  I  R  68 


Figure  No  i  2*? 

Engine  Char  actcri sncs 

AH  - 1 G  L>3A  524-7 
T5S*L*»3  fcLlt4O0ft 

ENGINE  PARTICLE  SEPARATOR  INSTALLED 
NOTES  I  .  CURVE  BASED  ON  LYCOMING  TS  3  -  L' l  S  ENGINE 

MODEL  SPECIFICATION  UO  104.15 

2  CURVE  BASED  OKI  ENGi  HE  INLET  CHARACTERISTICS 
PRESENTED  IN  MOURE  UO  1  FOR  EERO  AIRSPEED 

6  GENERATOR  ELECTRICAL  LOAD*EERO 
4  PERCENT  A»RBLEED(Wh/W«.)  -  O  00  7. 

A  ROTOR  SPEED  *  32.4-  RPM 

b  ENGINE  OIL  COOLER  DKtVEtO  BY  ENGINE  BLcE  D  Al  R 

7  SOLI  0  SYMBOLS  DERIVED  PROM  GOVJ  TRACT  ORE 
CAI  l  SPATE  D  ENGINE  DATA 


SYM  DATE  Of  ENGINE  CftUBRftflOW 

O  5  JAU  \RG8 


z 

l 

a 

u» 

£ 


D 

& 

O. 

s 

u 

a 

8 

ct 

a 


S6' 


9Z\ 


98 


B4 


BO1 


0/ 

^  • 


£ 


4)  o 
cf  ^  • 


FiCo Kt  Flo  I  50 
Eye  mi  Character's  nr  s 

AH  IG  USA  I52A-1 
T51-1  Ijj^EliOOl 

tOClUG  PAKTICLt  SEPARATOR  IUSTAU-ED 


1 

\ 

I  \ 


hiOVti  i  Cuiivi.  &ASt.OON  lXCDMIUG  TiS  L-15  tUG'WE 
MODEL  tPtClfiCMiOM  UO  104 

?  CUR  V  C  E/St»Cn  0*4  EUGlkJE  l  VI  LEV  CHARACTERISTIC* 
PR  tit  LIVE  D  ivi  fIGUHE  UO  FOR  EERO  AlRSP&GD 

3  OLUtRATOR  ELECTRICAL  LOAD  •  l£RO 

4  PERCENT  AiKBlEC  D(Ww/W*.)«  O  OG7. 

5  ROTOR  SPCED  ■  J24-  RPM 

e,  EVJ&I  WtO\L  CCOLt  R  DRIVE  VO  BH  tllGlUt  BLEED  AIR 

1  bOUO  WMfiUlb  DERIVE.  O  FROM  COUTRfcCTOR'S 
a_  rufiji  r  iir.iUfc  DATA 

&VM  DA’  L  Dv  EUOlKit  CALI  6  RAT  lO  M 
G  b  JAV4  ^te 


ZOC»  400  600  QOO  iOOO  1^00  *400  1 600 

tfiTFESKEO  SHAFT  HOR5EPOWttn^6HP/rTfcf¥Tft 
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CORRECTION  TO  BE  ADDED  -  AV  —  KNOTS 


Ft  cuke  Wo-  1 31 

Am  speed  Calibration 

AW-  IQ  T53-L.-18 

STANDARD  AIRSPEED  SVSTBWt 


S'm 

AIRCRAFT 

S/N 

CONFIGURATION  GRWT  DENSITY  ALT. 

•■LB  -FT. 

ROTpP.  SPEED  LONG  CG.  Souw.  t  LI  Da  i  -. 
-RPM  -IN 

0 

Cl  5  247 

CLEAN  7  BIO 

5  500 

324 

191- 7  (FWO)  PHASE  l>  1  til  KtfcXL 

□ 

0,15244 

SASIC  9280 

5  3  GO 

324 

113  3(PWC>)  RtF  Z  APP.  J 

A 

&I5248 

BASIC  8170 

4^  20 

324 

1  R42(ni0}  Rtf  ■(  APP  X 

0 

61  S2fl3 

OCT  BD  ALTERNATE  Q2Ro 

3  IOO 

324 

i  qq  i(Aft)  rev  b  app  t 

10 

5 

O 

-5 


AUTOROTATIVE  FLIGHT  AT  ROTOR 
SPEEO  OP  524-  RPM 


IO 


IO 

5 

0 


-5 


-IO 


CLI  MBIMQ  PLIGHT  AT  MILITARY  RATED  PON  bit 


NOTES.  1.  SOLID  SYMBOLS  DENOTE  AIRCRAFT  DESCENDING 

Z.  OPEN  SYMBOLS  DEUOTE.  AIRCRAFT  IU  LEVEL  FLIGHT 


IO 


-  10-1 - - - 

o  w  «  w  w  ioo  i2o  i -vo  uwa  tso  aco  zio  zao 


INDICATED  AIRSPEED- VmQ~  KNOTS 
(corrected  por  ivjstromiwt  error) 
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CALIBRATED  AIRSPEED  —  KNOTS  POSITION!  ERROR 


Figure  klo  1 32 
Airspeed  Calibration 

AH-IG  USAVw<ol5247 
BOOM  SV STEM 

5XM  GROSS  WEIGHT  CG  STATIC)  U  DENSITY  ALTITUDE  ROTOR  SPEED  CONFIGURATION 


^U3S. 

✓-~l  KJ 

/->-  FT. 

~RPM 

□ 

72C5 

193.5 

1 020  FT 

324 

CLEAU 

o 

7 1  T  6 

193.3 

5  300  FT 

324 

CLEAN 

A 

T  ?oo 

19  3  3 

5000  FT 

32  4 

CLEAKI 

KIOTESUIQ  DATA  COLLECTED  USING 

THE  GROUND  SPEED  METHOD. 

2.0  OAT  A  COLLECTED  USI  LiC-. 
THE  PACER  AIRCRAFT  METHOD. 

3A data  collected  usi  wg 

THE  TRAILING  BOMB  METHDO. 
4. SHADED  SVMBOLS  DEMOTE 
CLIMB  AT  LIMIT  .POWER 

”  5.FLAGGED  SVMBOLS  DEMOTE 
AOTOROTATION 


INDICATED  AIRSPEED  KNOTS 

(corrected  for  instrument  error) 
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APPENDIX  VIII.  SYMBOLS  AND  ABBREVIATIONS 


\bbrev i at  ion 

l>of  i  n  i  t  i on 

Unit 

A  IT 

A 1 1  i  t  lido 

foot 

AVG 

A vo rage 

-- 

CC,  eg 

Con  tor  of  gravity 

-- 

CONI) 

Cond i t ion 

-- 

CONI- 

Conf i gurat ion 

-- 

IHiG,  dog 

I'ogroos 

degree 

OWN 

Down 

-- 

LiC.T 

Fngtnc  oxhaust  g;is  temperature1 

°C 

fig. ,  figs. 

Figure,  figures 

-- 

FLT 

FI i ght 

-- 

fpin 

Feet  per  minute,  foot  per  minute 

ft /min 

ft 

Foot ,  feet 

foot 

FS 

Fuselage  station 

inch 

fwd 

Forward 

-- 

GRWT ,  grwt 

Gross  weight 

pound 

IIQRS 

Handling  qualities  rating  scale 

-- 

HR 

Hour 

hour 

1  FR 

Instrument  flight  rules 

-- 

IGF 

In  ground  effect 

-- 

in  . 

Inch,  inches 

inch 

KCAS 

Knots  calibrated  airspeed 

knot 

Abb  rev  l vl t  i  on 

[)c  f  i  ii  i  1. 1  on 

Unit 

MAS 

Knots  indicated  airspeed 

knot 

KTAS 

Knots  true  airspeed 

knot 

LB,  lb 

Pound,  pounds 

pound 

LT 

Left 

-- 

LONG . 

Longitudinal 

-- 

MAX,  max 

Maximum 

-- 

MIN,  min 

Minimum 

-- 

MRP 

Military  rated  power 

shp 

NACA 

National  Advisory  Committee  for 

Aeronautics 

-- 

NAM1".5 

Nautical  air  miles  per  pound  of  fuel 

-- 

NAM" 

Nautical  air  miles  traveled 

NM 

NU 

Nose  down 

-- 

NM 

Nautical  miles 

-- 

NU 

Nose  up 

-- 

NO . ,  no . 

Number 

-- 

001: 

Out  of  ground  effect 

-- 

PS1,  psi 

Pound (s)  per  square  inch 

lb/in“ 

ref 

Reference,  referred 

-- 

RPM,  rpm 

Rcvolut ion (s)  per  minute 

rpm 

RT 

Right 

SCAS 

Stability  and  control  augmentation 

system 

-- 

SEC,  sec 

Second 
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Abbreviation 

Do  f i ni t  i  on 

un  i  t 

SIC 

Specific  tuel  consumption 

-- 

Sill',  slip 

Shaft  horsepower 

-- 

SL 

Sea  level 

-- 

S/N 

Serial  number 

-- 

STD,  std 

Standard 

-- 

SYM 

Symbol 

-- 

TRQ 

lingine  output  torque 

i  n  - 1  b 

WT 

Weight 

pound 

Symbol 

Definition 

Unit 

A 

Rotor  disc  area 

i 

ft- 

a 

Speed  of  sound 

ft/sec 

CP 

Power  coefficient 

-- 

CT 

Thrust  coefficient 

... 

dlip/dt 

Rate  of  altitude  change 

ft/min 

f 

equivalent  flat  plate  area 

ft2 

h 

Skid  height 

foot 

hd 

Density  altitude 

foot 

HP 

Pressure  altitude 

foot 

K 

P 

bnginc  power  correction  coefficient 
for  climbing  flight 

-- 

K 

w 

Gross  weight  correction  coefficient 
for  climbing  flight 
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Symbol 


l 


t 


M 

n’h 

nr 

ntr 

Nl 

P 

R 

R/C 

R/D 

s 

g 


cal 


cruise 


V. 


W 


w. 


bl 


W, 


De  f  L  n  i  t  i  on  IJn  i  t 

Distance  from  center  line  of  main 
rotor  shaft  to  center  line  of  a 
90-degree  gear  box  output  shaft  foot 

Mach  number 

Engine  speed  rpm 

Main  rotor  speed  rpm 

Tail  rotor  speed  rpm 

Engine  comoressor  speed  percent 

Engine  output  torque  pressure  in.  of  llg 

Rotor  radius  foot 

Rate  of  climb  ft/min 

Rate  of  descent  ft/min 

Ground  distance  required  to  clear 

a  50-foot  obstacle  foot 

Temperature  °1-',  °C 

Calibrated  airspeed  knot 

Cruise  airspeed  knot 

Maximum  airspeed  for  level  flight  knot 

Limit  airspeed  knot 

True  airspeed  knot 

Engine  air  flow  lb/hr 

Engine  bleed  air  flow  lb/hr 

Engine  fuel  flow  lb/hr 
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Symbol 

Definition 

Unit 

°C 

Degree (s)  centigrade 

degree 

°F 

Degree (s)  Fahrenheit 

degree 

0 

0 

Percent 

-- 

a 

Angle  of  attack 

degree 

6 

Angle  of  sideslip 

degree 

A 

Difference 

-- 

Engine  inlet  pressure  ratio 

-- 

6coll 

Collective  control  position 

inch 

6dir 

Directional  control  position  ' 

inch 

6lat 

Lateral  cyclic  control  position 

inch 

6  LONG 

Longitudinal  cyclic  control  position 

inch 

0 

Aircraft  pitch  attitude 

degree 

V 

Z 

Engine  inlet  temperature  ratio 

-- 

y 

Main  rotor  tip  speed  ratio 

-- 

p 

Air  density 

slugs/ft 

a 

Density  ratio 

-- 

4> 

Aircraft  roll  attitude 

degree 

Aircraft  roll  rate 

deg/sec 

Q 

Rotor  rotational  frequency 

rad/sec 
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'T— ^ia= 
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The  Phase  D,  Part  2  airworthiness  and  qualification  performance  tests  of  the  All  1C 
helicopter  were  conducted  in  California  at  Edwards  Air  Force  Base  and  auxiliary  test 
sites  during  the  period  13  June  1968  through  29  July  1969.  Specific  performance 
parameters  were  evaluated  to  determine  model  specification  compliance  and  to  obtain 
detailed  performance  and  mission  capability  information  for  inclusion  in  tc-clvnical 
manuals  and  other  publications.  The  AH-1G  exceeded  all  contractor  performance 
guarantees.  (here  were  two  deficiencies  which  affect  the  mission  accomplishment 
of  the  helicopter:  insufficient  directional  control  which  limits  hovering,  take¬ 
off  and  landing  performance;  and  excessive  tail  rotor  horsepower  required  for  hovering 
flight.  There  were  three  shortcomings  for  which  corrective  action  is  desirable:  the 
inability  to  achieve  maximum  tail  rotor  blade  angle  (19  degrees)  when  full  left  direc¬ 
tional  control  is  applied  for  all  conditions  with  the  present  directional  control /yaw 
SCAS  geometry;  excessive  pilot  effort  required  to  maintain  optimum  climb  and  maximum 
endurance  airspeeds;  and  the  possibility  of  inadvertently  exceeding  the  main  trans¬ 
mission  torque  limit  following  a  left-lateral  control  input  when  below  the  engine 
critical  altitude. 
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